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(54) Method for producing L-glutamine by fermentation and L-glutamine producing bacterium 



(57) L-Glutamlne is produced by culturing a coryne- 
fonn bacterium which has L-glutamlne producing ability 
and has been modified so that its intracellular gtutamine 
synthetase activity should be enhanced, preferably 
which has been further modified so that its intracellular 



glutamate dehydrogenase activity should be enhanced, 
in a medium to produce and accumulate L-giutamine in 
the medium and collecting the L-glutamine. 
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Description 

BACKGROUND OF THE INVENTIQM 
Field of the Invention 



Related Art 
SUMMARY OF THE INVENTION 

[0007] That is. the present invention provides the f ollowings. 

n The ««,rting to (d), he, jlm^ d=hw«Wi»» «W » enhancM i™»a«ns .,. 
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pression amount of a glutamate dehydrogenase gene. 

(8) The bacterium according to (7), wherein the expression amount of the glutamate dehydrogenase gene is in- 
creased by Increasing copy number of the gene coding for glutamate dehydrogenase or modifying an expression 
control sequence of the gene so that expression of the gene coding for the Intracellular glutamate dehydrogenase 
of the bacterium should be increased. 

(9) A method for producing L-glutamine, which comprises culturing a bacterium according to any one of (1) to (8) 
In a medium to produce and accumulate L-glutamine in the medium and collecting the L-glutamine. 

(1 0) A DNA coding for a protein defined in the following (A) or (B): 

(A) a protein that has the amino acid sequence of SEQ ID NO: 2, 

(B) a protein that has the amino acid sequence of SEQ ID NO: 2 including substitution, deletion, insertion, 
addition or Inversion of one or several amino acid residues and has glutamlne synthetase activity. 

(11) The DNA according to (10), which Is a DNA defined in the following (a) or (b): 

(a) a DNA containing the nucleotide sequence of the nucleotide numbers 659-1 996 in the nucleotide sequence 
of SEQ ID NO: 1, 

(b) a DNA that is hybridizable with the nucleotide sequence of the nucleotide numbers 659-1 996 in the nucle- 
otide sequence of SEQ ID NO: 1 or a probe that can be prepared from the sequence under the stringent 
conditions and codes for a protein having glutamlne synthetase activity. 

(12) A DNA coding for a protein defined in the following (C) or (D): 

(C) a protein that has the amino add sequence of SEQ ID NO: 3, 

(D) a protein that has the amino acid sequence of SEQ ID NO: 3 Including substitution, deletion, Insertion, 
addition or inversion of one or several amino acid residues and has glutamlne synthetase adenylyt transferase 
activities. 

(1 3) The DNA according to (1 2), which is a DNA defined in the following (c) or (d): 

(c) a DNA containing the nucleotide sequence of nucleotide numbers 2006-5200 in the nucleotide sequence 
of SEQ ID NO:1, 

(d) a DNA that is hybridizable with the nucleotide sequence of the nucleotide numbers 2006-5200 in the nu- 
cleotide sequence of SEQ ID NO: 1 or a probe that can be prepared from the sequence under the stringent 
conditions and codes for a protein having glutamine synthetase adenylyl transferase activities. 

[0008] According to the present invention, the by-production of L-glutamic acid can be suppressed and the production 
efficiency of L-glutamine can be improved in the production of L-glutamine by f enmentation utilizing corynefomi bacteria. 
Further, the DNA of the present invention can be used for breeding of L-glutamine producing corynefomn bacteria. 

PREFERRED EMBODIMENTS OF THE INVENTION 

[0009] Hereafter, the present invention will be explained In detail. 

(1) CorynefoHT) bacteria of the present invention 

[0010] In the present invention, "coryneform bacteria" include those having hitherto been classified into the genus 
Brevibacterium, but united Into the genus Corynebacterium at present {Int. J, Syst Bacterhl., 41, 255 (1981)), and 
include bacteria belonging to the genus Bre\fS>acterium closely relative to the genus Corynebacterium. Examples of 
such corynefonn bacteria are mentioned below. 

Corynet>acterium acetoacidophihim 

Corynebacterium acetoglutamicum 

Corynebacterium alkanotyticum 

Corynebacterium caUunae 

Corynebacterium gfutamicum 

Corynebacterium Htium 

Corynebacterium melassecola 

Corynebacterium thermoaminogenes 
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Corynebacterium hercutis 
Brevibacterium d/varicatum 
Brevibacterium ffavum 
Brevibacterium immariophilum 
^ Brevibacterium lactofermentum 

Brevibacterium roseum 
Brevibacterium saccharo/yticum 
Brevibacterium UiiogenitaSis 

Brevibacterium ammonmgenes 
BrevSfacterium album 
Brev^cterium cerium 
Miciobacterium ammor)iaphilum 
[00111 Specifically, the following strains can be exemplified 
^ Corynebacterium acetoacidophi/um ATCC 1 3870 

Corynebacterium acetogiutamicum ATCC 15806 
Corynebacterium ailcanofyh'cum ATCC 21611 
Corynebacterium cailunae ATCC 15991 

Corynebacterium glutamicum ATCC 13020. 13032. 13060 
Corynebacterium filium ATCC 1 5990 

^ Corynebacterium meiassecofa ATCC 17965 

Corynebacterium thermoaminogenes AJ12340 (PERM BP-1539) 
Corynebacterium hercutis ATCC13BS8 
Brevibacterium divaricatum ATCC 14020 

f^S^!'""'" ^^"^'".^"^^^ ^3«26. ATCC 14067. AJ12418 (PERM BP.2205) 

Brevtbactenum immariophiium ATCC 1406S 

Brevibacterium lactofermentum ATCC 1 3869 

Brevibacterium roseum ATCC 1 3825 

Brevibacterium saccharo/yticum ATCC 14066 

Brevibacterium thiogenitalis ATCC 19240 

Brevibacterium ammoniagenes ATCC 6871 , ATCC 6872 

Brevibacterium album ATCC 16111 

Brevibacterium cerium ATCC 15112 

Microbacterium ammoniaphOum ATCC 15354 

its registration number, and oi-e ^n^^^TpS^iIibJ^^^^ ^^^^'^ «««'9"ed 

numbers corresponding to the s^rr^^iS o?^^^^^^^^ 

the AJ12340 strain was deposited on OctdSrS «87 luh! m . ^ ^"""'^ Collection. Further, 

Agency of Industrial Science amJ rJLhno^ I- ? ^ . °' Bioscience and Human-Technology 

0 admlniitrative co^SoTSrnlfSS';^^^^^^^ of International Trade and Industry (currently, the independlS 
ganlsm Depostta J (So S i i H^«t rT"""^ '"'f ^'^^ Technology. International pient Or- 

an intematl'onal depS " nStSe pL^S o S^^^^^ '"^^ 305-8566)) aL 

1539. ^heAJ^^A^a^^^T^Z^T ? ^"''^P^*' treaty, and received an accession numberof PERM BP- 

nology, Agency oMnSSa*^^ t k""."^ ''.T ^^^^ ^ H«nan-T^. 

as an fntemational 

rofii^i i» ^ wi ine Duaapesi ireaty and received an accession number of FPRM rp oonn 

Srl^^Lrure'^cT^n'r^^^^^ 

ability may be possessed^ySi '^L^^^^^^ Z'T" ""^^ ™» L-glutamine producing 

enhanced by breed^g. ^ ^ ^'""''^ ^ "^"^ «>'yneform bacteria or may be imparted or 

?6-!S:Sr :otS;i^^^^^^^^ - the method of 
od Of isolation of purinranaTgrrresSSranr^^^ 

Publication No. 61 2026M) hf m JS^^^^^^ 1""^""? <J«P«"««« PBt«"t Laid-open 
PublicationNo.56-1514S theSSo i™^^^^ 

Laid-open Publication Z zTsS^^ Z^tl^^^^ f'-'' 

producing abilrty, the fol.ow^g sS c^n be So^^e? """"'"^ "^'^'^"^ "^^^'"^ '-9'"'-- 

SS£:rXJi;?pS^^^^^^^ ^^^^-^P^ P-^ncation no. 55-15,495) a.ew- 

/wi«iZlO (PERM P-8123, referto Japanese Patent Laid-open Publication No. 61-202694) Brevibac- 
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terfumflavum AJA2212[FEHM P-8123, refer to Japanese Patent Laid-open Publication No. 61-202694) Brevibacterfum 
flavumAJ^ 241 8 (FERM-BP2205, referto Japanese Patent Laid-open Publication No. 2-1 86994) Brevibacterium flavum 
DH18 (PERM P-11116, refer to Japanese Patent Laid-open Publication No. 3-232497) Corynebacterium melassecola 
DH344 (PERM P-11117, referto Japanese Patent Laid-open Publication No. 3-232497) Corynebacterium glutamicum 
A J1 1 574 (PERM P-5493, refer to Japanese Patent Laid-open Publication No. No. 56-1 51 496) 
[0015] The teon "modified so that Intracellular glutamine synthetase (henceforth also referred to as "GS") activity 
should be enhanced" means that the GS activity per cell has become higher than that of a non-modified strain, for 
example, a wild-type corynefomi bacterium. For example, there can be mentioned a case where number of GS mol- 
ecules per cell increases, a case where GS specific activity per GS molecule increases and so forth. Further, as a wild- 
type coryneform bacterium that serves as an object for comparison, for example, the Brevibacterium flavum ATCC 
14067 can be mentioned. As a result of enhancement of intracellular GS activity, there are obtained an effect that the 
amount of L-glutamine accumulation in a medium increases, an effect that the by-production of L-glutamic acid de- 
creases and so forth. 

[0016] Enhancement of GS activity in a coryneform bacterium cell can be attained by enhancement of expression 
of a gene coding for GS. Increase of the expression amount of the gene can be attained by increasing copy number 
of the gene coding for GS. For example, a recombinant DNA can be prepared by ligating a gene fragment coding for 
GS with a vector functioning In the bacterium, preferably a multi-copy type vector, and introduced Into a host having 
L-glutamlne producing ability to transfomn it. Alternatively, the aforementioned recombinant DNA can be introduced 
into a wild-type corynefomi bacterium to obtain a transfonnant, and then the transfomiant can be imparted with L- 
glutamine producing ability. 

[0017] As the GS gene, any of genes derived from corynefomi bacteria and genes derived from other organisnns 
such as bacteria belonging to the genus Escherichia can be used. Among these, genes derived from coryneform 
bacteria are preferred in view of ease of expression. 

[0018] As the gene coding for GS of corynefomn bacteria, gtnA has already been elucidated {FEMS Microbiology 
Letters, 81 -88, 154, 1 997). Therefore, a GS gene can be obtained by PGR (polymerase chain reaction; refer to White, 
TJ. ef a/.. Trends Genet, 5, 185 (1989)) utilizing primers prepared based on the nucleotide sequence of the gene, for 
example, the primers mentioned In Sequence Listing as SEQ 10 NOS: 4 and 5, and chromosomal DNA of coryneform 
bacterium as a template. Genes coding for GS of other microorganisms can be obtained in a similar manner. 
[001 9] The chromosomal DNA can be prepared from a bacterium, which Is a DNA donor, by the method of Saito and 
Miura (referto H. Saito and K. Miura, Biochem. Biophys. Acta, 72, 619 (1963), Text for Bioengineering Experiments, 
Edited by the Society for Bioscience and Bioengineering, Japan, pp.97-98, Balfukan, 1992), for example. 
[0020] Incidentally, an isozyme often exists for an enzyme involved in an amino acid biosynthesis system. The in- 
ventors of the present invention successfully isolated and cloned a gene coding for an isozyme of GS of coryneform 
bacteria by utilizing homology with respect to the nucleotide sequence of the aforementioned gtnA gene. This gene is 
referred to as "gtnAZ", The process for obtaining it will be described later. glnA2 as well as gfnA can be used for 
enhancement of the GS activity of coryneform bacteria. 

[0021] If the GS gene amplified by the PGR method is ligated to a vector DNA autonomously replicable in a cell of 
Escherichia co// and/or corynefomi bacteria to prepare a recombinant DNA and this is introduced into Escherichia coli, 
subsequent procedures become easy. Examples of the vector autonomously replicable in a cell of Escherichia coli 
include pUGIS, pUC18, pHSG299, pHSG399, pHSG398, RSF1010. pBR322. pACYC184, pMW219 andsoforth. 
[0022] A vector that functions in corynefomi bacteria means, for example, a plasmtd that can autonomously replicate 
in coryneform bacteria. Specific examples thereof include the followings. 
pAM330 (refer to Japanese Patent Laid-open Publication No. 58-67699) 
pHM1519 (refer to Japanese Patent Laid-open Publication No. 58-77895) 

[0023] ly^oreover, if a DNA fragment having an ability to make a plasmid autonomously replicable in coryneform 
bacteria is taken out from these vectors and inserted into the aforementioned vectors for Escherichia coli, they can be 
used as a so-called shuttle vector autonomously replicable in both of Escherichia coli and coryneform bacteria. 
[0024] Examples of such a shuttle vector include those mentioned below. There are also indicated microorganisms 
that harit)or each vector, and accession numbers thereof at the international depositories are shown In the parentheses, 
respectively. 



pAJ655 Escherichia co//AJ11882 (PERM BP-136) Corynebacterium glutamicum (ATCC 39135) 

pAJ1844 Escherichia co// AJ11883 (PERM BP-137) Corynebacterium glutamicum SHQ2Q2 (ATCC 39136) 

pAJ611 Escherichia co// AJ11884 (PERM BP-13B) 

pA J3 1 48 Corynebacterium glutamicum SR8203 (ATCC 391 37) 

pAJ440 Bacillus subtilis AJ1 1 901 (PERM BP-1 40) 

pHC4 Escherichia co// AJ1 261 7 (PERM BP-3532) 
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Obtained fram the ^sate is added witSpolyeS qSTaSnr^ and centnfuged at 30000 x g. Thesupematant 
mide equilibrium density gradient centlSn Purified by cesium chloride-ethidlum bro- 

[0026] In order to prepare a recombinant DNA bv lioatinn = „ 

coryneform ''««erium. a vector is digested vTa StSn pn^ ^"'^ ° ""^^ '^^^ « «»" of 

taining the GS gene. Ugatioo Is usuaV^rf^ed bv^^jT, i corresponding to the terminus of the gene con- 
[0027J ToimroducetherecomWn/ntnwAT ^ ^^■'^^^^"'^''^'^^ 

matlon methods that ^^e^TZ'Zon:^'.^:^^^ ^^^^ « «^ ^ transfor- 
«> recipient ceils with calcium chloride so as ^oinSt^eml^Z^ltSn^Vn!^^^ employable are a method of treating 
C0//K-12 (Mandel. M. and HIga. A.. J. e« S 1 m h '^"^ sported for£«^cftl 

Which are at the growth phasef^llc^weZinS'dSnol^^^ 
(Duncan. C.H.. Wilson. GA and Young. RE Sr'Ts^M^^^^^^ 

Of making DNA-recpient cells into profoplitsTsD^ero^fil Th " k «"P'°y«f le Is a method 
« by Introducing the recombinant Dn5 into tS^L ThSSi k""" TV^"^ ^^'"""^ ^NA. followed 
and yeasts (Chang. S. and Choen. S N MoS a^ntZT Z *^,^,fPP"^te ««> BadUus subtilis. actinomycetes 

transfom,ationof coryneforniLteria can allt^Derfoi^ H ;k^^^ ''^^ ^- (1978)). iS 

Patent t^W-open No. 2-207791) "'^ P"^* -^hod (Sugimoto et al.. Japanese 

rrrmS:a~-^^^^^ 

inverted repeats exfeting at the en7o,1t?aZielSir^t^'^'"^ 

Laid-open No. 2-109985, ft is possible to in^J^ th^'^'^r .Jf 'If'^- ^' "'^"^^ •^^P^"^^* P^'^" 
.mroduce multiple copies of the gene into ^^7^1^^^ ""^"^ « ^'^^^'^^l to 



35 



40 



45 



SO 



55 



r£M»Qi cnK ^ cnromosomal DNA "-.o.^, wj lo 

U4attXTc-;^TXSsS^^^^^ 

res^onfortheGSgenesothatttshouldbemSSSo^^^^ 

WOOO/1 8935. By such substitution or modifSSn oTomS^ ' '"^''"''^ International Patent Publication 

actMty is enhanced. Such modificatioJ^SeSfon c^^L™?'"'"'''" °' ^^"^ ^""^"^ ^us GS 
number of the GS gene. expression control sequence may be combined with the increase of copy 

Eisr:iTat~ 

Publioauon No. 5-7491) and so forth Tese plSS^^^^^ ''^^'^^ LaldCn 

but cannot autonomously replicate at a tempeSr^f 370c L ' ^T°T^'^ '^'''^'^ « temperature of 25-C. 
the substitution forthepromTtersequen^XTcXcne il^^^ ''''''' '""""S" ^'"^^ '<> 
perfomied in a similar manner by!^lng pHS« orF^^/^^^^^ «'"»^'«'" can be 

deposited on October 11. 1990 at the N^n^ InstStf Bfoi^L!^^^ harboring pHSC4 was 

Science and Technology. Ministry of International Trade andZZr' ''TV*'"'"^- ''^'^ '"«'"««al 
poratron, National Institute of Advanced Industria™^ aJd tS ^ '""^^P^"*"* admlnlstrath,e cor- 

(Sfl 1987: Jl e«. C»em, 5769.3771 K« S^ -^L ,^ '^°~*''^^ 
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Letters, 303- 310, 1 999 (1 73)). This inactivation by the adenylytatlon of GS can be defected by Introducing a mutation 
into the gInA gene so that the tyrosine residue should be replaced with another amino acid residue. 
[0033] Further, the inactivation of GS by the adenylylation can also be defected by reducing the activrlles of Intrac- 
ellular glutamine synthetase adenylyl transferase (ATase). Although adenylyl transferase of corynefonn bacteria had 
been unknown, the inventors of the present invention successfully isolated a gene coding for adenytyl transferase of 
corynefonn bacteria, gfnE. The process therefor will be described later. 

[0034] To reduce the intracellular ATase activity of coryneform bacteria, there can be used, for example, a method 
of treating the corynefonn bacteria by ultraviolet Irradiation or with a mutagen izing agent used for usual mutagenesis 
treatment such as N-methyl-N'-nitro-N-nitrosoguanldine (NTG) or a nitrous acid and selecting a mutant strain In which 
the ATase. activity is reduced. Corynefonn bacteria having reduced ATase activity can also be obtained by gene dis- 
ruption, besides the mutagenesis treatment. That is, a corynefonn bacterium can be transfonned with a DNA containing 
a gInE gene modified with deletion of partial sequence of the gene coding for ATase so as not to produce ATase 
functioning nonmaily (deletion type g/nE gene), so that recombination between the deletion type gInEgene and the 
gInE gene on the chromosome should occur to disrupt the gtnE gene on the chromosome. Such gene disruption by 
gene substitution utilizing homologous recombination has already been established, and there are methods utilizing a 
linear DNA, a plasmid that contains a temperature sensitive replication origin and so forth. 

[0035] A gInE gene on host chromosome can be replaced with the deletion type gInE gene, for example, as follows. 
That is, a recombinant DNA Is prepared by inserting a temperature sensitive replication origin, a mutant gtnEgene and 
a mari<er gene for resistance to a drug such as chloramphenicol, and a corynefonn bacterium is transfonmed with the 
recombinant DNA. Further, the transformant is cultured at a temperature at which the temperature sensitive replication 
origin does not function, and then the transfomnant strain can be cultured in a medium containing the drug to obtain a 
transformant strain in which the recombinant DNA is Incorporated into the chromosomal DNA, 
[0036] In such a strain in which recombinant DNA is incorporated into chromosomal DNA as described above, the 
mutant gInE gene is recombined with the gtnE gene originally present on the chromosome, and the two fusion genes 
of the chromosomal gtnE gene and the deletion type gtnE gene are inserted into the chromosome so that the other 
portions of the recombinant DNA (vector segment, temperature sensitive replication origin and drug resistance maricer) 
should be present between the two fusion genes. Therefore, the transfomnant strain expresses nomial ATase, because 
the nonnal gtnE gene is dominant in this state. 

[0037] Then, In orderto leave only the deletion type p/n£gene on the chromosomal DNA, one copy of the gtnEgene 
is eliminated together with the vector segment (Including the temperature sensitive replication origin and the drug 
resistance maricer) from the chromosomal DNA by recombination of two of the gtnE genes. In this case, the normal 
gtnE gene is left on the chromosomal DNA, and the deletion type gtnEgene is excised from the chromosomal DNA, 
or to the contrary, the deletion type gtnE gene is left on the chromosomal DNA, and the nomial gtnEgene is excised 
from the chromosome DNA. In the both cases, the excised DNA may be retained in the cell as a plasmid when the cell 
is cultured at a temperature at which the temperature sensitive replication origin can function. Subsequently, if the cell 
is cultured at a temperature at which the temperature sensitive replication origin cannot function, the gtnEgene on the 
plasmid is eliminated together with the plasmid from the cell. Then, a strain in which gtnEgene is disrupted can be 
obtained by selecting a strain in which the deletion type gtnE gene is left on the chromosome using PCR, Southem 
hybridization or the tike. 

[0038] Further, the inactivation of GS by the adenylylation can also be canceled by reducing the Intracellular activity 
of Pll protein. It is known that the Pll protein is also involved in the adenylylation of GS by ATase. The Pll protein Is a 
signal transfer protein for controlling the GS activity, and it is known to be uridylylated by uridylyl transferase (UTase). 
The uridylylated Pll protein promotes deadenylylatlon of GS by ATase, and the deuridylylated Pll protein promotes the 
adenylylation of GS by ATase. 

[0039] It is reported that GS Is highly adenylylated In a UTase deficient strain (J, Bacteriology, 569-577. ( J34) 1978). 
This phenotype of excessive adenylylation is suppressed by mutation of the Pll protein (J. Bacteriology, 81 6-822, (164) 
1 985). That is, the inacth^ation of GS by the adenylylation can also be defected by reduction of Pll protein activity. The 
reduction of Pll protein activity means reduction of the function for promoting the adenylylation by ATase. The gInB 
gene coding for the Pll protein of corynefonn bacteria has been already isolated, and it is suggested that the suppression 
of GS by the adenylylation of GS is defected by deletion of the gene {FEMS Micmt)iology Letters, 303-3 1 0, ( f 73) 1 999) . 
[0040] To reduce the Pll protein activity of corynefonn bacteria, there can be used, for example, a method of treating 
the corynefonn bacteria by ultraviolet Inadiation or with a mutagenizing agent used for usual mutagenesis treatment 
such as N-methyl-N'-nitro-N-nitrosoguanidine (NTG) or a nitrous acid and selecting a mutant strain in which the activity 
of Pll protein is reduced. Corynefonn bacteria having reduced Pll protein activity can also be obtained by gene dis- 
ruption, besides the mutagenesis treatment. That is, a coryneform bacterium can be transfonned with DNA containing 
a gtnB gene modified with deletion of partial sequence of the gene coding for Pll protein so as not to produce Pll protein 
functioning nomially (deletion type gtnB gene), so that recombination between the deletion type gtnB gene and the 
gtnB gene on the chromosome should occur to disrupt the gtnB gene on the chromosome. Such gene destruction by 
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' a marker gene for res^^^nc^^T^I^ZZ Z^^^' T"'"' ' ™tan WgeneTd 
recon,b,nar,t DNA. Further, the resu,K"CnuS^^ 

sensitive replication origin does not functton andttl^n thlTl^f ! ^^'"P^^ati'fe at which the temperature 

the drug ,o obtain a tran'sformant sSn "el^^^^^^^^ ^ "-t^in'ng 
[00421 'n such a strain in whfchrecomZa^rDiSA r^nc^^^^^^^^ 
'0 mutant p** gene is recombined with the Z gen^ iriZrol^T^ chromosomal DNA as described above, the 

of the chromosomal gInB gene and the d2e«on i^L Tr ^ ^ chromosome, and the two fusion genes 

portions of the recomSnanJoNA (I^IrsTgmlt^^^^^ chromosome so that the othfr 

Should be present between the two fusionT„es Sfl ThZ T ^"^ '^'^ '^'^ 

the nomtal stf^Sgene is dominam In tSs site ' ^''P^ n«"mal Pll protein, because 

' -^^a]2";;rer:t^^^^ 

resistance maricer) from the chromosomaTSNA tTJ^Z J^T'^ '^"^"^^ '^P'^"'^" "^'^in and the drug 
gtnBsene is left on the chromosomal DNA and SieTeSon Inl" 1^° °' ^"^^enes. In this case, the nomial 
or to the contraof, the deletion type g/ne aene^ eft on thl " ^'^'^ chromosomal DNA. 

' from the chromosome DNA. In ^e bS caLs he excie^DNZ^^^^^ ""^ ^^'^ ^^^^'^^ 

the cell is cultured at a temperature at wtScTme femo^l^^^ stably retained in the ceil as a plasmid when 

if the cell is cultured at a temperature at wteh tLlZrT «P"cation origin can function. Subsequently 

gene on the plasmid is eliminatXeMh To I^TZT^^^'^'''' '"'-"o"- ^'"^ 

can be obtained by selecting a strain in whTthe Z .oLT.? ft " * ^'^'^P^ 

' Southern hybridization or the like " S'nS gene is left on the chromosome using TOR. 

SZn ol as IrhouTd S2et: ^l^l^d ^ '^^'^ ^° - »ems of such 

of the Pll protein activity. aforementioned adenyiylatlon, reductton of the ATase activity and reduction 

tJeOS gone or means for modifying an e^^^ coZ^l^^""^^ '^"^ «>' 

UrLllrs:! sStr^^^^^^ o, the prese. inven.n. « . 

concurrently with the enhanced GS activity "enyorogenase (henceforth also referred to as "GDH") activity 

perGDH™to,temo.»,s.n<l«> forth Fuiw „TwS7^ ""^e's*". a case wh„e GOH qMp aarvlv 

host having L-giutamine producing S Vlln^ZTkr a multi-copy type vector, and introduced into a 
introduced into a wild^'e coryneCKeSTbt^ i^^^^^^^ a'oremen«oned recombinant DNA can be 

strain can be imparted with L-glutamine producing ab£ ""^a'"** transfomiant 

irganlnSSTb^rXS tXer S^^^" T^''"- "^^'^""^ ^'^ other 
ryneform bacteria are preferred in vieneaseTix^Sor "^"^ 

preparedbasedonthe nucleotide sequence S exal?;^^^^^^^ '^^'^ ^ P^R uBHzing primers 

12 and 1 3. and chromosomal DNA o co^nef 1 bSVrJ ^sT^^^^^^^ ^"^"^""^ '"'^""S «^ ^EQ iB NOS: 
SSrirrT'""" '^'^'"^ ^^■^^^ obSn'^ln T riitSe ^ °^"^^«>««"9'orGDH Of mteroorganisms 
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[0052] In the coryneform bacterium of the present invention, activities of enzymes otherthan GS and GDH catalyzing 
reactions of the L-glutamlne biosynthesis may be enhanced. Examples of the enzymes catalyzing reactions of the L- 
glutamine biosynthesis include isodtrate dehydrogenase, aconitate hydratase, citrate synthase, pyruvate dehydroge- 
nase, phosphoenolpynjvate carboxylase, pyruvate carboxylase, pyruvate kinase, phosphofructokinase and so forth. 
[0053] Further, activities of enzymes that catalyze reactions branching off from the L-glutamine biosynthesis pathway 
and producing compounds otherthan L-glutamine may be reduced or eliminated. Examples of the enzymes catalyzing 
such reactions include isocitrate lyase, a-ketoglutarate dehydrogenase, glutamate synthase and so forth. 

(2) Production of L-glutamine using microorganism of the present invention 

[0054] By cutturing a corynefonm bacterium obtained as described above In a medium to produce and accumulate 
L-glutamine in the medium and correcting the L-gtutamine from the medium, L-glutamine can be effteiently produced 
and the by-productlon of L-glutamk: acid can be suppressed. 

[0055] In order to produce L-glutamlne by using the corynefomi bacterium of the present invention, culture can be 
perfomied In a conventional manner using a usual medium containing a carbon source, nitrogen source and mineral 
salts as well as organic trace nutrients such as amino acids and vitamins, as required. Either a synthetk; medium or a 
natural medium may be used. Any kinds of carbon source and nitrogen source may be used so long as they can be 
utilized by a strain to be cultured. 

[0056] As the cariDon source, there are used sugars such as glucose, glycerol, fructose, sucrose, maltose, mannose, 
galactose, starch hydrolysate and molasses, and organic acids such as acetic acid and citric acid, and alcohols such 
as ethanol can also be used each alone or in a combination with other carbon sources. 

[0057] As the nitrogen source, there are used ammonia, ammonium salts such as ammonium sulfate, ammonium 
carbonate, ammonium chloride, ammonium phosphate and ammonium acetate, nitrate salts and so forth. 
[0058] As the organic trace nutrients, amino acids, vitamins, fatty acids, nucleic acids, those containing those sub- 
stances such as peptone, casamino acki, yeast extract and soybean protein decomposition product and so forth are 
used. When an auxotrophic mutant that requires an amino acid or the like for its growth is used, ft is preferable to 
supplement the required nutrient. 

[0059] As the mineral salts, phosphates, magnesium salts, calcium salts, iron salts, manganese salts and so forth 
are used. 

[0060] The culture is periomned as aeration culture, while the fermentation temperature is controlled to be 20-45''C. 
and pH to be 5-9. When pH falls during the culture, the medium Is neutralized by addition of cateium carbonate or with 
an alkali such as ammonia gas. A substantial amount of L-glutamine is accumulated in the culture broth after 10 hours 
to 120 hours of culture in such a manner as described above. 

[0061] Collection of L-glutamine from the culture broth after the culture may be perfonned in a conventional manner. 
For example, after the cells were removed from the culture broth, L-glutamine can be collected by concentrating the 
broth to crystallize L-glutamine. 

(3) DNA coding for protein having glutamine synthetase activity {glnA2 gene) and DNA coding for protein having 
glutamine synthetase and adenytyl transferase activities {gtnE gene) according to the present invention 

[0062] The first DNA of the present invention is a gene coding for GS. The second DNA of the present invention is 
a gene coding for ATase. These genes can be obtained from a chromosome DNA library of Brerribacterium factofer- 
mentum by hybridization using a partial fragment of a known g!nA gene as a probe. The partial fragment of a known 
gInA gene can be obtained by PGR amplification using chromosome DNA of Bresfibacterium lactofermentum, for ex- 
ample. Brevibacterium factofermentum ATCC 1 3869 strain, as a template and the primers shown as SEQ ID NOS: 1 8 
and 19. 

[0063] Methods of production of genomk: DNA library, hybridization. PGR, preparation of plasmkl DNA. digestion 
and ligation of DNA, transformation and so forth for obtaining the DNA of the present invention and enhancement of 
the GS actwity and GDH activity are described in Sambrook, J., Fritsh, E.R and Maniatis. T. "Molecular Cloning', Cold 
Spring l-larbor Laboratory Press, 1 .21 . 1 989. 

[0064] The nucleotide sequences of the aforementioned primers were designed based on the nucleotide sequence 
of a gtnA gene of Corynebacterium glutamicum (GenBank accession Y1 3221 ). By using these primers, a DNA fragment 
containing a region corresponding to the nucleotide numbers 1 921 -2282 of the gfnA gene (GenBank accession Y1 3221 ) 
can be obtained. 

[0085] Examples of nucleotide sequence of DNA fragment containing g/nA2 according to the present invention, which 
is obtained as described above, and amino acid sequence that can be encoded by the sequence are shown as SEQ 
ID NO: 1 . Further, only an amino acid sequence of protein having glutamine synthetase activity, whrch is encoded by 
ginA2, is shown in SEQ ID NO: 2. 
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a gene (glnE) coding for a p™,ein hav^g gliZZ St^^l'T" 'T'"'"'"'' '""^ ^'^^^'^ »<> "e 

« synthetase activity of the encoded proteS fe not ^SThou^S, °"'k ' "^'^ """^ ^ 

herein differs depending on posiUon or type of lI^Tcfd ,esSS "^'"^ """^ '^^^"^ '° 

may be specifically 2 to 90, preferably 2 to 50. more preferably 2 to 20 " "Tiensional structure of the protein, ft 

Png^b^t^Xret"^^^^^^^^ 

« long as the glutamlne synthetase adenylyl transleZT^^mJ ^' ™™ sites, so 

number of "severar amL adds reSd rheM^^nl h Aithough the 

three^h,ensional structure of the pS ^Tt>^Z^SStT3LTr ^ '^ ^'^ 

Even in a case that the glutamine synthetase a^d ient^„.T^n f ' '^^^ ^'^'^ ^ '° '""'^ P'«f«'a'>V 2 to 20. 

s..™reSr2:^^^^^^^^ 

that one or more amino acid residues ara Lic^Sl^J '"T °' ^^-•"''ected mutagenesis method so 
•;;ye,slon.ADNAmodifiedasdescnSrdaiovrmT:te^^^^ insertion, addition or 

The mutagenesis treatmem includes a meroro?treatfna a 
» droxylamine or the like, and a method frtreatinl T^r^ ™ mutagenesis treatment in vitro with hy- 

before the mutagenesis treatmen^by T ^"^'^ '^'^"'^^ « DNA 

tj^tmentsuchasN^^^^^^^^^ 

tL'sILs^cr roSlXi:Si;;\1!S Err r^'™ ^•''^•-^ - ^Vnthetase adenylyl 

" and investigating acfVity of an'^^^^ed p^SJ^ ASrc^dinJ?"*'" Tf" ^""^^ ^" ^ 

can also be obtained by isolating a DNA tlfmisTybri^MCir^rJ sub^antially the same prote.n as GS or ATase 
for example, the nucleotide sequence c^ZZ^t^lT: ^'^l """^ " ""'^'""'''^^ ^^''^^"^^ comprising, 
nucleotide sequence shown in Sequer,^ SCrSEoT 1 ""Tl °' ' °' ^"^^ '° ^^00 <,f the 

protein having the glutamine synthetase or a protein havino ih» n I't conditions, and codes for a 

• fr°'"DNAcodingforglutaminesynthetaseorgKle3e^«^^^^ V'"'' ^'^"'""^ ''^''^'''^ 

a cell hartjoring it. The "stringeni conditions- J^^toT-f,^ !^^^^^ transferase having a mutation orfrom 
fom,ed. and non-specific hybrid is not f^ jrdlu?rrr '•^"^'^ "V^*! ^ 

value. However for example, the stringTSidltions^ L^^Sf^ "^'"9 ""'"^nc^' 

homology, for example. DNAs having h'omiS^ oS Z ''^r; h " " "^^'"^ '"S'' 

homology lower than the above are not hybridized wS^h othl ^'^^^"'^''^'^ '''^ ^ach other, but DNAs having 
by acondftion under whfch DNAs areU^M^^S^^^'^ZTJT"^'''''^^^^ 

condition of washing in Southern hybridfeatlon i e I Ttsc a l^ cnf ''T""''^''"' corresponding to an ordinary 
10072] As a probe, a partial sequence S he n '.^illt*, ' P^^'^^^^V 0.1 x SSC, 0.1% SDS. at 60»C 

may be prepared by pSr usInTolS^u^^J^p^^^^^^^ °' f,^° ^ ^ used. Sui^h a probe 

primers, andaDl^fragmemcoLnlSX^SifsZ^^^^^^ ''^"'"'^ " '° ^0:1 as 

KUn„r Sfv^^nTa^^r : -se hav.g a stop codon 

removed by ligating each gene with a colrn^il aviJSLlXr b« 
synthetaseorglutamlnesynthetase adenyJ^Serase aS^S ^1^''^^ ^"^ '""^"^"9 S'"'^^"'^ 

by. for example, the method described mMe^^TlTT'^.^ 9"^«'^'""y'«hetase activity can be measured 

and the glutamlne synthetase ade WW tLlSSrctSr^^ PRESS (1970). 

thetase adenylyl transferase of which activities are redu!«^^r f J ^ ''"'''"S S'"'^'"'"^ syn- 

I0074J Specific examples of the DNrcod no Tor l ^r^^lf IT^ ^'^ P'^sent invention, 

protein that has homolo^ of preferaTeoXor ril T ^"^^^"^ ^ GS include DNA coding for a 

w.h respect to the amin? aciS sZr:i si::>Z's^Z7S^^^^ -ore^ 

V- u £ ana nas GS activity. Specific examples of the DNA 
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coding for a protein substantially the same as ATase Include DNA coding for a protein that has homology of preferably 
65% or more, more preferably 80% or more, still more preferably 90% or more, with respect to the amino acid sequence 
shown as SEQ ID NO: 3 and has ATase activity. 

Best Mode for Carrying out the Invention 

[0075] Hereafter, the present invention will be explained more specifically with reference to the following examples. 
Example 1: Evaluation of GS gene-amplified strain 

(1) Cloning of gInA gene of corynefomi bacterium 

[0076] The g!nA sequence of Corynebacterium glutamhum had been already clarified (FEMS Microbiology Letters, 
81-88, {1S4) 1997). Based on the reported nucleotide sequence, the primers shown in Sequence Listing as SEQ ID 
NOS: 4 and 5 were synthesized, and a ginA fragment was amplified by the PGR method using chromosome DNA of 
Brevibacterium flavum ATCC 14067 strain as a template. 

[0077] The chromosomal DNA of Brevibacterium flavum ATCC 1 4067 strain was prepared by using Bacterial Genome 
DNA Purification Kit (Advanced Genetic Technologies Corp.). PCR was performed for 30 cycles each consisting of 
reactions at 94*»C for 30 seconds for denaturation, at 55'C for 15 seconds for annealing and 72°C for 2 minutes for 
extension by using Pyrobest DNA Polymerase (Takara Shuzo). 

[0078] The produced PCR product was purified in a conventional manner, digested with a restriction enzyme Sail, 
llgated with pMW219 (Nippon Gene) digested with Sail by using a ligation kit (Takara Shuzo), and used to transform 
competent cells of Escherichia co// JM1 09 (Takara Shuzo). The cells were plated on L medium containing 1 0 ng/ml of 
IPTG, 40 ng/ml of X-Gal and 25 jig/ml of kanamycin and cultured overnight. Then, the appeared white colonies were 
picked up and separated into single colonies to obtain transformants. 

[0079] Plasmlds are prepared from the transfomiants by the alkali method, and a plasmid In which the ginA gene 
was inserted into the vector was designated as pMW219GS. 

(2) Construction of plasmid having ginA and replication origin of corynefomi bacteria 

[0080] Further, In order to construct a plasmid having the ginA gene and a replication origin of corynefomn bacteria, 
the plasmid pHK4 (refer to Japanese Patent Laid-open Publfcation No. 5-7491) containing replkratlon origin of the 
plasmid pHWSi9 {Agrfc. BioL Chem., 48, 2901-2903 (1984)) that had been already obtained and was autonomously 
replicable In corynefomri bacteria was digested with restriction enzymes Ba/uHl and Kpn\ to obtain a gene fragment 
containing the replication origin. The obtained fragment was blunt-ended by using DNA Blunt-ending Kit (Takara Shuzo) 
and inserted Into the Kpn\ site of pMW21 9GS using a Kpn\ linker (Takara Shuzo). This plasmid was designated as pGS. 

(3) Introduction of pGS into coryneform bacterium and evaluation of culture 

[0081] An L-glutamine producing bacterium, Brevibacterium flavum AJ12418 (PERM BP-2205: refer to Japanese 
Patent Laid-open Publication No. 2-1 86994), was transfomied with the plasmid pGS by the electric pulse method (refer 
to Japanese Patent Laid-open Publication No. 2-207791 ) to obtain a transfomiant. By using the obtained transfonnant 
AJ12416/pGS, culture for L-glutamine production was performed as follows. 

[0082] Cells of AJ12418/pGS strain obtained by culture on a CM2B plate medium containing 25 ng/ml of kanamycin 
were inoculated into a medium containing 1 00 g of glucose, 60 g of (NH4)2S04, 2.5 g of KH2PO4, 0.4 g of MgS04-7H20, 
0.01 9 of FeS04-7H20, 350 jig of VB1-HCI. 4 jig of biotin, 200 mg of soybean hydrolysates and 50 g of CaCOg In 1 L 
of pure water (adjusted to pH 6.8 with NaOH) and cultured at 31 .S^'C with shaking until the sugar in the medium was 
consumed. 

[0083] After the completion of the culture, the amount of accumulated L-glutamine in the culture broth was analyzed 
by llquldchromatography for appropriately diluted culture broth. CAPCELL PAK C18 (Shiseido) was used as a column, 
and the sample was eluted with an eluent containing 0.095% phosphorte acid, 3.3 mM heptanesulfonk: acid and 5% 
acetonitrite in 1 L of distilled water. The accumulated L-glutamine amount was analyzed based on variation of absort^- 
ance at 210 nm. The results of this analysis are shown in Table 1 . 



Table 1 



Strain 


L-GIn (g^) 


L-Glu (g/L) 


culture time (hr) 


AJ12418 


38.4 


0.7 


70 
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Strain 


L-GIn (g/L) 


L-Glu (g/L) 


culture time (hr) 


AJ12418/pGS 


45l 


0.02 


82 



of GS was effective for Improvement onrtl K^'.. '".f " «^ demonstrated that enhancemem 

GS are shown in Table 2 of 2 " °' '-S'"'^'"'"^- '^^ ^e enzymatic activity of 



Example 2: Evaluation of GS adenyjyiation site-moriiftoH ctrotn 
(1) ConstrucUon of adenylylation site-modified plasmid 



'^L?^^Tii% rCSr rr '^^'^ already canned i^BMS^ao- 

gInA gene on the chromosome S o!m ^nL of 1S?h^ 'k ? srte-modified strain was obtained by ^placing the 
described below. ^ ^^"^ °' """^ adenylylation site was modified. Specific procedures will be 

P-^'^^^'^'i^^^^^ '—in as a 

14067 strain as a trpla^anrthe synthTfe DM^hJ ^ ^^A of Br«*«cfen- aTC^ 

Since mismatches were^lducl^ i„Tot^^^^^^ "^""^ ^ ^EQ ID NOS: 8 and 9 as primers, 

was introduced into the temJnal pro^of eTh X^'^^^^ ^ '° ^OS: 7 and 8. a mutation 

fragment introduced with a mutation JcRw^LrflJ^K ?™*^- '° « ^/M gene 

temiinus sides of gInA mixed in iotar«Z.nt ^ aforementioned gene products for N- and C- 

as SEQ ID NOS: ?o andTas p^rrs to Z T ^'^^ Listing 

adenylyiaoon site. The produc^f ScCd^w^ p^l^^^^^^ ^ a' the 

into the Hinai site of pHSG299 n-aterS SS^T ™. l^f '^^ conventional manner, digested with Hindi and inserted 

K J laKara bnuzo}. Tliis plasmid was designated as pGSA. 

(2) Construction of adenylylation site-modified strain and evaluation of culture 

incorporated into chroroirErt,motor^^^^^ T ' ^^^^ '^e plasmid is 

extremely low frequency ''°'"o'o90"s recombination is obtained as a transfomnant although it occurs at an 

S^trhig^c^rnrrSrST^^^^^^ p-asmld 

2-207791). and transfom,antswJ^e o^,aSL^^^^^^^ Laid-open Publication No. 

were subcultured and strains tto bSame kaS^mtin ? ^ ^ these transfom,ants 
Of the tenamycin sensitr^n wrrrdote'reHn;^'^^^^^^^^ 

replaced with that region of g,nA derived from pGs J was diZedts OA 1 ZT^T f " *^ "^"""^ 

perfomied in the same manner as described in E«mnit T^, .?'^:' " '"^ L-glutamine production was 

results are shown in Table 2. ' ' ' "^'"^ AJ124ia/pGS and QA-1 Strains. The 





Table 2 


Strain 


L-GIn (gn.) 


GS activity (U/mg) 


Cuttiire time (hr) 


AJ12418 

AJ1241B/pGS 
QA-1 


39.0 
46.1 
44.3 


0.030 
0.067 
0^040 


70 
81 
72 



measured by adding a cmdeTn3Iol?„!f.?, I f [^""^ ^'^ ^able 2. The GS activity was 
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1 mM ATP and 1 0 mM MSG and measuring variation of absorbance at 340 nm at 30**C referring to the method described 
In Journal of Fermentation and Bioengineering, Vol. 70, No. 3, 182-184, 1990, For the measurement of blank, the 
aforementioned reaction solution not containing MSG was used. The crude enzyme solution was prepared by sepa- 
rating cells from the aforementioned culture broth by centrifugation, washing the cells with 1 00 mM imIdazole-HCI (pH 
7.0), sonicating the ceils and removing undisrupted ceils and unsoluble protein by centrifugation. Protein concentration 
of the crude enzyme solution was quantified with Protein Assay (Bio-Rad) by using bovine serum albumin as a standard 
sample. 

Example 3: Evaluation of GDH gene-amplified strain 

(1) Construction of pd/i-amplified strain and evaluation of culture 

[0091] Construction of a plasmid pGDH into which the gdh gene of corynefonn bacteria was cloned was performed 
as follows. First, chromosome DNA of Brevibacterium tactofermentum ATCC 13869 strain was extracted, and PGR 
was performed by using the chromosome DNA as a template and the synthetic DNAs shown in Sequence Listing as 
SEQ ID NOS: 12 and 13 as primers. The obtained DNA fragment was blunt-ended and inserted into the Smal site of 
pHSG399 (Takara Shuzo). This plasmid was designated as pHSG399GDH. 

[0092] Then, a replication origin derived from the plasmid pHM1619 (Agric. Biol. Chem., 48, 2901-2903 (1984)) that 
could autonomously replfcate in corynefonn bacteria was introduced into the Sa/I site of pHSG399GDH. Specifically, 
the aforementioned pHK4 was digested with restrtetion enzymes BamHI and Kpn\ to obtain a gene fragment containing 
the replication origin, and the obtained fragment was blunt-ended and inserted into the Sali site of pHSG399GDH by 
using an SaA linker (Takara Shuzo). This plasmid was designated as pGDH. 

[0093] The L-glutamine producing bacterium, Brevibacterium flavum AJ12418 strain, was transfomied with pGDH 
to obtain a transformant. Culture for L-glutamine production was periomned by the method described in Example 1 
using the obtained transformant AJ1 241 8/pGDH. The resufts are shown in Table 3. In the GOH-enhanced strain, yield 
of L-glutamine decreased and by-production of L-glutamIc acid increased, but culture time was consklerably shortened. 



Table 3 



Strain Strain 


L-GIn {g/L) L-GIn (g/L) 


L-Glu (g/L) L-Glu (g/L) 


Culture time (hr) 


AJ12418 


38.8 


0.7 


70 


AJ12418/pGDH 


29.5 


12.0 


55 



Example 4: Construction and evaluation of strain in which GS and GDH are enhanced simultaneously 
(1) Construction of gdh promoter-modified plasmid 

[0094] Chromosomal DNA of Brevibacterium flavum ATCC 14067 strain was extracted, and PCR was perfonned by 
using the chromosomal DNA as a template and the synthetic DNAs shown in Sequence Listing as SEQ ID NOS: 14 
and 15 as primers. The obtained DNA fragment was digested with restriction enzymes StiA and PvUi\ and inserted into 
the Smal site of pHSG399. This plasmid was digested with a restriction enzyme SacI to obtain a DNA fragment con- 
taining the gdh promoter and a partial fragment of the gdh gene, and it was inserted into the Sad site of pKFI 9k (Takara 
Shuzo). This plasmid was designated as pKF19GDH. 

[0095] A mutation was introduced into the promoter region by using Mutan-Super Express Km (Takara Shuzo). 
LA-PCR was performed by using pkF19GDH as a template, a selection primer attached to Mutan-super Express Km 
and a 5'-end phosphorylated synthetk; DNA shown in Sequence Listing as SEQ ID NO: 16 or 17 as a primer for mu- 
tagenesis. The reaction product was purified by ethanol precipitation, and competent ceils of Escherichia coli M V1 1 84 
(Takara Shuzo) were transfomned with the product to obtain transfonmants. 

[0096] Ptasmids were extracted from the transfomnants, and sequences of the gdh promoter region were detenmined. 
Among these, those having the sequences shown in Table 4 were designated as pKF19GDH1 and pKF1 9GDH4. It Is 
expected that the GDH activity can be improved by about 3 times by replacing the gdh promoter sequence with that 
of pKF19GDH1 type, or by about 5 times by replacing the gdh promoter sequence with that of pKF19GDH4 type, 
compared with gdh having a promoter of a wild-type (refer to International Patent Publication WOOO/1 8935). 
[0097] These plasmids were digested with a restriction enzyme Sad to obtain a DNA fragment containing the gdh 
promoter and a partial fragment of the gdh gene, and it was inserted into the Sad site of pSFKT2 (refer to Japanese 
Patent Laid-open Publication No. 2000-262288). These plasmids were designated as pSFKTGDHI and pSFKTGDH4, 
respectively. pSFKT2 was a derivative of the plasmid pAM330 derived from the Brevibacterium tactofermentum ATCC 
13869 strain, and it is a piasmki of which autonomous replication in corynefonn bacteria has become temperature 
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Table 4 

Plasmld ffdti promoter sp.mion^J 

pKfl9GDH4 TTGCCAtatctqtqcaaca ctgcTATAAT fSEQ ID NO: 22) 
(2) Introduction of promoter mutation into chromosome 

and strains Showing kaoamycin resistance at aicTe^S^ 

omously replicate at 34'C, outy those in which th«rnu.^r " . "'"^^^entioned plasmlds cannot auton- 
comblnationshow Ranan^y^in resis ance Tu^er Z^^'^J^^^^T '"""^ - 
were cultured in the absence of kanamycin and irarnfthrh^l . migrated inlochromosome 

strains in which the same mutationTthat JpS?^^^^^^^^ 

region on the chromosome were designlLlST^nS Q^'r^Sj '"'^'^'^ '"'^ ^ "^""""^^^ 
(3) Construction of gdh gene-anr,plif ied strain and measurement of GDH activity 

Sde2rerr.X3:sr^^^^^^ 

method described in Example 1 usinrthrita^T^' "-Slutamine production was performed by the 

addingacrudeenzymesolu^onoa^lZ^:,^^^^^^ 

was measured bv 

acid and 0.25 mM NADPH and measuSrchanrri^^^^^ lOmMa-ketoglutaric 
(6) 1 992. The crude enzyme solufcn ^ tT^^ 'IT "'^ ''''"""^ '° ^'^-^ology, 3?7-326 

trifugation, washing the cells with iSoTw ^r^S f^H 7 sWnn'l' ^'°^^"'«"«<'"«d culture broth by cen- 

centrifugation. Protein concentratton of the iJiJe Z "'^ ""'^ ^^'""^'"S ""''^^Pted cells by 

QA-1/pGDH strain was the short^t Te Krlll^^^ -""^ "'^ ^'^'^^ ''"t"™ time of the 

QB-4 strains. From these results Twas dSSn^ratS r^^^^^ '^"^^'^'^ ""P^^^^'' QB-1 and 

fective for impmvement of ^^d of ^^rTriro^";^^^^^^^^^^^^ ^""^^ °' - eT- 



Strain Strain 


L-GIn (g/L) 


L-Glu (g/L) 


Cuituretime (hr) 


GDH activity (U/mg) 


AJ12418 

QA-1/PGDH 
QB-1 

QB-4 


40.5 
47.9 
50.5 
50.0 


08 

1.0 
0.1 
0.3 


68 
60 
65 

65 


1.6 
15.2 
4.1 
9.6 



55 



Example 5: Acquisition of gene r.»ding for Isozynv. of 



activity, and it also reported data shovZ ^suTZ SuS ^'"^ '^^^ 

■Amino Acid Fem,enta,ion-. Japan Scie 'c^ToS^'^ Pu^ ^aZ ^^^^^ s"^''^ "'^'^"^^ ^" '^"^^^"^ 
there are two kinds of GS for (>>rmebact^^Zu^Z^^ ^ f ^''"P''^" PP 232-235 describes that 

the second GS isozyme. ffA^anfa/m. Therefore, it was attempted to obtain a gene coding for 
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(1) Preparation of probe 

[0102] A gene coding for an isozyme of GS {gtnA2l was obtained by colony hybridization. First, PGR was performed 
by using the primers shown in Sequence Listing as SEQ ID NOS: IB and 19 and chromosomal DNA of the Brevibac- 
terium lactofermentum ATCC 13869 strain as a template to obtain a partial fragment of the ginA gene. This DNA 
fragment was labeled by using DIG-High Prime DNA Labeling & Detection Starter Kit I (Boehrlnger Mannheim) and 
used as a probe. 

(2) Colony hybridization 

[0103] Chromosomal DNA of the Brevibacterium lactofermentum ATCC 13869 strain was extracted and partially 
digested with a restriction enzyme SauSAI, and the obtained DNA fragment was Inserted Into the BamHI site of the 
vector of pHSG299 and used to transf omn the Escherichia coft* JM1 09 strain. The obtained transformant was transfen-ed 
to Hybond-N+ (Amersham Phanmacia Biotech), denatured, neutralized and then hybridized with the probe prepared 
in Example 5, (1) by using DIG-High Prime DNA Labeling & Detection Starter Kit I, At this time, a transfomiant that 
hybridized strongly and a transfomiant that hybridized weakly were recognized. Plasmid DNAs were prepared from 
these transfomftants and nucleotide sequences of Inserts were detemiined. As a result, clones containing a gene show- 
ing high homology with respect to a known glulamine synthetase of corynefonm bacteria could be obtained. The total 
nucleotide sequence of the insert of the latter was shown in Sequence Listing as SEQ ID NO: 1 . 
[0104] Open reading frames were deduced, and amino acid sequences deduced from the nucleotide sequences 
were shown in Sequence Listing as SEQ ID NOS: 2 and 3. Each of these amino acid sequences was compared with 
known sequences for homology. The used database was Genbank. As a result, it became clear that the amino acid 
sequences encoded by the both of the open reading frames were novel proteins of coryneform bacteria. 
[0105] The nucleotide sequences and the amino acid sequences were analyzed by using Genetyx-Mac computer 
program (Software Development, Tokyo). The homology analysis was perfomned according to the method of Lipman 
and Pearson {Science, 227, 1436-1441, 1985). 

[0106] The amino acid sequence shown In Sequence Listing as SEQ ID NO: 2 showed 34.6%, 65.6% and 60% of 
homology with respect to already reported GS of Corynebacterium glutamicum (FEh4S Microbioiogy Letters, 81-88, 
(154) 1997), GS of Mycobacterium tuberculosis (GenBank accession Z70692) and GS of Streptomyces coeiicotor 
(GenBank accession AL1 36500) , respectively (Table 6), and it was found to be an isozyme of GS of coryneform bacteria. 
[0107] On the other hand, the sequence shown In Sequence Listing as SEQ ID NO: 3 showed 51 .9% and 33.4% of 
homology with respect to the already reported ATase of MycobacterHjm tuberculosis (GenBank accession Z70692) 
and ATase of Streptomyces coeticoior {GenBank accession Y17736). respectively (Table 7), and ft was found to be 
ATase of corynefonn bacteria. Therefore. It was found that, In the nucleotide sequence shown as SEQ ID NO: 1 , the 
open reading frame coding for the amino acid sequence shown as SEQ ID NO: 2 was glnA2, and the open reading 
frame coding for the amino acid sequence shown as SEQ ID NO: 3 was gInE. 



Table 6 



Strain 


Gene name 


Amino acid Number 


Homology 


Brevibacterium factofermen tum 


glnA2 


446 A.A. 




Corynebacterium glutamicum 


ginA 


478 A.A. 


34.6% 


Mycobacterium tuberculosis 


ginA2 


446 A.A. 


65.6% 


Streptomyces coelicolor 


ginA 


453 A.A. 


60.0% 



Table 7 



Strain Strain 


Gene name 


Amino acid number 


Homology Homology 


Brevibacterium lactofermentum 


glnE 


1045 A. A. 




Mycobacterium tuberculosis 


glnE 


994 A.A. 


51 .9% 


Streptomyces coelicolor 


glnE 


784 A.A. 


33.4% 



Example 6: Production of L-glutamine by ATase-deficient strain 

[01 08] Since the gene glnE coding for ATase was elucidated in the aforementioned Example 5 , a p/nE-def icient strain 
was constructed from the L-glutamine producing bacterium AJ12418. The specific procedure will be shown below. 
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.r;L:s'th:'s;^^^^^^^^ atcc ^oez ... ^ a 

produced PCR product was purified in a «,nSitonaTln„fr . ! " ^ ''"9'"""* °' ^'"^^^^^ The 

PHSG299 (Takara Shuzo). This plasmid^^ SSa^i oGL^P '"^^ '''^ <>' 

ff/«Eger,e in this plasmid. pGLNE was dig^eS wSllSttlL '"."i:''' '"'^^^ " P^^'^' <>♦ 
asp/^GLNE.Thfeplasrnidcontainedthe2Ss?tot?ri^^^^^^^ 

Listing as SEQ ID NO: 1 . but it had deletion of io^orbpTj^^e ^^^^ ^"^"^ 

recognition site. ^ '"^ recognition site to the 3659th Hincll 

integrated into chromosome SZmZl^Z^^T"'r"^^ "'T' ' «« plasmid Is 

an extremely low frequency. """""'"^"^ recombination may be produced as a transfomiant although it occurs at 

Ke2: Mgtr^SXr ■ ^as ,«„sfom.ed w«h the p^mld 
resistanceasamarkerThen.these^tranrrSanrv^irs^^^^^^^^^^^^^ 

Further, chromosomal DNAs of the obtaineTlfanam!^^! T . ^"^'"^ *at became kanamydn sensitive. 

"Sing each chromosomal DNA as a te^S andTeZ S 0^'^^ f ''^^ P^"^"""^ 

S^f^^d-S^^^^ 

asOA.T.Cu«urefor..lutamin%rj::Cr=^^^^^^^ 
(3) by using AJ12418 and QA-T strains. The results are shown in Table 8. 

o^e^^lT:TetiTS^i:^^^^ '-J^^^ w.h the AJ124,8 strain. The 

actMty was improved in the QAT strainX^td ZMt^slZ '^^'^ " "^^^ 





Table 8 


Strain 


L-GIn (g/L) 


GS activity (U/mg) 


Culture time (hr) 


AJ12418 
1 QA-T 


39.0 
45.1 


0.03 
0.05 


70 
75 



10113] 



SEQ ID NO: 
SEQ ID NO: 
SEQ ID NO: 
SEQ ID NO: 
SEQ ID NO: 
SEQ ID NO: 
SEQ ID NO: 
SEQ ID NO: 
SEQ ID NO: 
SEQ ID NO: 
SEQ ID NO: 
SEQ ID NO: 
SEQ ID NO: 
SEQ ID NO: 
SEQ ID NO: 
SEQ ID NO 
SEQ ID NO 
SEQ ID NO 
SEQ ID NO: 
SEQ ID NO: 
SEQ ID NO: 



1 9fnA2 And gfnE nucleotide sequences 
2: p//7i42 amino acid sequence 
3: ginE amino acid sequence 
4: Primer N for gfnA amplification 
5: Primer 0 for ginA amplification 
6: glnA 1st PCR primer NN 
7: gtnA 1 st PCR primer NC 

8: ^/M 1st PCR primer CN 
9: gfnA 1st PCR primer CC 
10:p//i4 2nd PCR primer N 
11 : gtnA 2nd PCR primer C 
12: Primer N for gdh amplification 
13: Primer C for gdh amplification 
14: Primer N2 for gdh amplification 
15: Primer 02 for gdh amplification 
16: Primer Ml lor gdh promoter mutation 
17: Primer M4 for gdh promoter mutation 
IB: Primer N for glnA probe preparation 
19: Primer C for glnA probe preparation 
20: Wild-type gdh promoter sequence 
21 : Mutant type gdh promoter sequence 
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SEQ ID NO: 22: Mutant type pse//) promoter sequence 
SEQ ID NO: 23: Primer N for ^/i£ disruption 
SEQ ID NO: 24: Primer C for gtnE disruption 
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SEQUENCE LISTING 

<110> Ajinomoto Co,, Inc. 

<120> Method for Producing L Glutamine by Fermentation 
and L-Glutamine Producing Bacterium 

<130> OP1288 
<140> 

<141> 2001-05-30 

<150> JP 2001-28163 
<151> 2001-02-05 

<150> JP 2001-162806 
<151> 2001-05-30 

<160> 24 

<170> Patentin version 3.0 

<210> 1 

<211> 6500 

<212> DNA 

<213> Brevibacterium lactofermentum 
<220> 

<221> CDS 

<222> (659)..(1996) 

<220> 

<221> CDS 
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10 



15 



20 



<222> (2006).. (5200) 
<400> 1 

gatcaglgct tcggctlclt cllcgaagtl ggtggactcl gccUlUca aaaglgcggl 60 
gatacgatga tgcgctttgg cctgtgccgg ggtcaltggg ctggtglctt gattgtctaa 120 
ggcgtggagc Ictgcgagca Ugcccagtc aggcaaggla cttagcltcg gtagcicggt 180 
gagaatcttc tccagggtca (caccggcaa gtggctagtt tcggcggcac gcgttccgtt 240 
cacccacagt gtgtacatct catcggagca ggagtaagca atctcaggU gcgcgtgaaa 300 
caggagtgga Icaatatcgg cggaaaactc atggcggaga tcggcgggag tccacccacg 360 
aagcgcacag aaacctaggt ggcigalgat gctttcttcl aaaatctgac gglaagagtc 420 
ttgtgcgtcg gtgacgttgt cggagaagtg ggagagggtc attgcggttt ccUattcgt 480 
aggagagttc taattlcggt gcggttctca glgaaccacc caagctggac acctcccacc 540 
cccgtgtcat caaaaaaccg cgacatccti gaglaactct gagaaaaact acccccgatg 600 
cgagtataaa agtggcaaat gcgcagtcga tgtcccatcg ctgcgtagat iagttdc 658 
atg aac age gaa cag gaa itl gta etc age gcc all gaa gaa cgc gac 706 
Met Asn Ser Glu Gin Gla Fhe Yal Leu Ser Ala He Glu Gla Arg Asp 
15 10 15 

25 all aag ttt gtg cgl cla Igg tic act gac att ctt gga cac tig aag 754 

He Lys Phe Yal Arg Leu Trp Phe Thr Asp He Leu Gly His Leu Lys 

20 25 30 

tca-gtg gtt gtg get cct gca gaa eta gag let gcg ttg gaa gaa ggc 802 
30 Ser Yal Yal Yal Ala Pro Ala Glu Leu Glu Ser Ala Leu Giu Glu Gly 

35 40 45 

ate gga ttc gat ggc tea gcc att gag ggc tac gcg cgt ale leg gaa 850 
He Gly FLe Asp Gly Ser Ala He Glu Gly Tyr Ala Arg He Ser Glu 

SO 55 60 

gcg gac acc att gcc cgc cea gat eca teg aca ttc cag gtc etc oca S98 
Ala Asp Hir lie Ala Arg Pro Asp Pro Ser Thr Phe Gin Yal Leu Pro 
65 70 75 80 

eta gaa gcg ggc ate tea aaa etg cag gca gca cgc ctg ttt tgc gat 946 
Leu Glu Ala Gly He Ser Lys Leu Gin Ala Ala Arg Leu Phe Cys Asp 

85 90 95 

gtc aeg atg ecg gac gga cag eca let III tct gac ccg cgc caa gtg 994 
Yal Thr Met Pro Asp Gly Gin Fro Ser Phe Ser Asp Pro Arg Gin Yal 

100 105 110 

cfg cgc agg cag gtc caa eta get gca gat gaa ggc ttg acc tgc atg 1042 
50 Leu Arg Arg Gin Yal Gin Leu Ala Ala Asp Glu Gly Leu Thr Cys Met 

H5 120 125 

att tea eca gag att gag ttc tat ttg gtg caa age ctt cgc acc aac 1090 
He Ser Pro Glu He Glu Phe Tyr Leu Yal Gin Ser Leu Arg Thr Asn 
130 135 140 



35 



40 



45 
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figa ctg cca cct gig ccc act gac aac ssc m 

. ^ »8a Ui tic fiac caa err fiw 

ly U. P,. „. ,„ ,„ Tta ta, CI, c, i„mZZZ 

155 ISO 
la lie Ml gag gcg ttg Ml lie egl cgi .ac s« >u ,„ ^ im 
* m to, GIMU Pro m ^g A„ ™ *f SI r ll 

170 

gag gaa etc ggc ate eel rIc siaq tin fr*. 

^. ^ '^^c cal gaa acl cca rrf i9'ii 

Cla Glu Leu C.,. He Pro Val Cla P„e Ser Hi. His t Z Pro 
•80 185 

g"^ Z n n f ' ^'•^ ^cc 1282 

Gly Gin Gin GIo lie Asp lea Arg His Ala Asp Ala leu n.r Met Ala 

200 205 
gac aac ale atg ace itc c«c tac a.c afg aaa cag gtg gca agg gac 1330 
^s, lie m Thr Phe Arg lyr He «e. Lys Gla Val Ala S Z 

215 220 
caa ggc gtt ggg gca tea ttf atg ccc aag cca lie caa gaa cat eca mi 
in Gly Va. Gly Ala Ser I*e Met Pro lys Pro Pie G.„ Z hL AU 
^ 230 235 240 

ft T r r aac 1426 

Gly Ser Ala Met His TI,r His Jfel Ser Leu Phe Glu Gly Asp Ihr Asn 

250 255 

Ala Phe H,s Asp Pro Asp Asp Ser Tyr Met Uu Ser Lys Thr Ala Lys 

260 265 270 

cag tic ate get gga ate ttg cat cac gel cca gaa tic acc gel gig 1S22 
Gin Phe lie Ala Gly He Leu His His Ala Pro Glu Phe m All m 
275 280 285 

Thr Asn Gin Trp Val Asa Ser Tyr Lys Arg He Val Tyr Gly Asn Glu 
290 295 3QQ 

get cca acl gcg gca acc Igg ggi ela tn a^i ..^i » . 

., ^ '66 6si gia ici aai cgt tcl gcecteett ifii« 

Ala Pro ll.r Ala Ala Ihr Trp Gly Val Ser Asn Arg Ser Ala e Z 

310 320 

Arg Yal Pro Ihr Tyr Arg Lea Asn Lys Glu Glu Ser Arg Arg Val Glu 

330 

J«g cgt ell cct ga. acc get igi aac cca lal llg gcg tit tea gtg 1714 
Val Arg Leu Pro Asp Ihr Ala Cy, Asn Pro Tyr Leu Ala Phe Ser Jaf 

, ^ 350 
Mel Leu Gly Ala Gly Uu Lys Gly He Lys Glu Gly Tyr Glu leu Asp 
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10 



15 



3S5 360 365 

gag cca get gag gac gat ate tec aac ttg age ttc egg gaa cgt cgc 1810 
Gla Pro Ala GIq Asp Asp He Ser Asn Leu Ser Phe Arg GJu Arg Arg 

370 375 380 

gcc atg ggc tac aac gat ctg cca aac age ctt gat cag gca ctg cgc 1858 
Ala Met Gly Tyr Asn Asp leu Pro Asa Ser Leu Asp Gin Ala Leu Arg 
385 390 395 400 

caa atg gaa aag tea gag ctt gtt get gac ate etc ggt gag cac gtt 1906 
Gia Met Glu Lys Ser GIo Leu Yai Ala Asp He Leu Gly Glu Hi$ Val 

405 410 415 

ttt gag ttt ttc ttg cgc aat aag Igg cgt gaa tgg cgt gac tac caa 1954 
Phe Glu Phe Phe Leu Arg Asa Lys Irp Arg Glu Trp Arg Asp Tyr Gin 
420 425 430 

20 gag cag ate act ccg tgg gag etc cp aac aat ctt gat tac tagactltt 2005 

Glu Gin He Tbr Pro Trp Glu Leu Arg Asa Asn Leu Asp Tyr 

435 440 445 

gcactceaat ggaaacccta cggegaccca attgcgaccc gataaaggag gggagaaget 2065 
2s atg tea gga ccg tta aga agt gaa cgt aaa gtc gtt ggc ttt gtc aga 2113 

Met Ser Gly Pro Leu Arg Ser Glu Arg Lys Yal Yal Gly Phe Val Arg 

15 10 15 

gac'cca ctg cca aaa gtt ggt tct tta teg ctg aaa tct gag cat gcc 2161 
Asp Pro Leu Pro Lys Val Gly Ser Leu Ser Leu Lys Ser Glu His Ala 

20 25 30 

caa gca gat eta gag cat ttg ggt tgg cgc aat gtt gag tct ttg gat 2209 
Gin Ala Asp Leu Glu His Leu Gly Trp Arg Asn Yal Glu Ser Leu Asp 

35 40 45 

ttg ttg tgg ggc ttg tea ggt gca ggc gat ccc gat gtc gcg ctg aac 2257 
Leu Leu Trp Gly Leu Ser Gly Ala Gly Asp Pro Asp Val Ala Leu Asn 

50 55 60 

ctt ctt att egg ctg tat cag gca ctt gaa gca ate ggc gag gat get 2305 
Leu Leu He Arg Leu Tyr Gin Ala Leu Glu Ala He Gly Glu Asp Ala 
65 70 75 80 

45 cga aac gag ctt gat caa gag att cgc cag gat gaa gaa eta cga gtc 2353 

Arg Asn Glu Leu Asp Gin Glu He Arg Gin Asp Glu Glu Leu Arg Yal 

85 90 95 

cgc ctt ttt gca ttg ttg ggt ggt tec teg get gtc ggt gat cac ttg 2401 
Arg Leu Phe Ala Leu Leu Gly Gly Ser Ser Ala Yal Gly Asp His Leu 

100 iOS 110 

grc gee aat ect ttg cag tgg aaa etc tta aaa ctt gat gcg cca teg 2449 
Val Ala Asn Pro Leu Gin Trp Lys Leu Leu Lys Leu Asp Ala Pro Ser 
HS 120 125 
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agg m m atg I cag gcg ctg ctg gaa let gig aaa get cag cct 2497 
Arg Glu do m Phe CIn Ala Leu Leu Gl« &r Yai Lys Ala Gin Pro 
»30 135 

get gtg ctt gag gtt gag gal itc age gaf gea cae aac alt gee ega 2545 
Ala Va, icu Gl, Val Glu Asp Phe Ser Asp Ala His Asn He Ala A^g 
"5 ISO ,55 

gac gat tg age acg cct ggt tit lae aeg get agl git aec ggg ect 2593 
ASP Asp Leo Ser IHr Pro Gly Pte Tyr n,r Ala Ser Val Thr G!y Pro 

•65 170 ,75 

gaa gca m cga glc Itg aaa igg act tat cgc acg t ig ctg ace egg 2641 
Glu Ala GI„ Arg Val Leu Lys Trp TKr Tyr Arg TT.r Leu Leu ITr Arl 

185 ,90 

He Ala Ala fts Asp Leu Ala Gly Th: Tyr Pro ITir Asp Met Arg Arg 

195 200 205 

aaa ggt ggc gat cct gtt ccg tit age aca gtg ace atg cag etc age 2737 
lys Gly Gly Asp Pro Val Pro Phe Ser lir Val Tlr Met Gin Leu Ser 

215 220 
eta get gat get get tig act get get tla get gtg gca att gee 278S 
ASP Leu Ala Asp Ala Ala Leu Thr Ala Ala Lea Ala Val Ala He Ala 

230 235 
aat gtt tat ggt gaa aag ccg gtt gal tea gel tia tct gie ate gcg 2833 
Asa val lyr Gly Glu Lys Pro Val Asp Ser Ala Leu Ser Y^l III au 

250 255 
ag ggc aaa tgt gge gcg cag gaa ttg aac tac alt tea gat gtg gac 2881 
Met Gly Lys Cys Gly Ala Gin Glu leu Asn Tyr He Ser Asp Val Asp 
260 265 270 

V f Sf r f I r ^" ^^<^ «ca 2929 

Yal Val Phe Val Ala Glu Pro Ala Asn Ser Lys Ser Ihr Arg n,r Ala 

275 280 285 

Ala Glu Leu He Arg He Gly Ser Asn Ser Phe Phe Gh Val Asp Ala 

295 

gca ctt cgc eca gaa ggt aaa agt ggc get ctt gtg cgc tct ttg gat 3025 
Ala Leu Arg Pro Glu Gly Lys Ser Gly Ala Leu Val Arg Ser Leu Asp 

310 3,5 320 

w T «'f f,' !" ^ 'Sg gaa tit cag 3073 

Ser His Met Ala Tyr Tyr Lys Arg Trp Ala Glu Thr Trp Glu Phe CIn 

330 335 
gca ctg ctg aaa get cgl cce atg acg ggt gat all gac ctt ggg cag 3121 
Ala Leu Leu Lys Ala Arg Pro Met Thr Gly Asp Me Asp Leu Gl! 
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340 345 350 

tec tat gig gal gel cU lea ccg Itg all (gg gcg get age eag egg 3169 
Ser Tyr Yai Asp Ala Lea Ser Pro lea He Trp Ala Ala Ser Gin Arg 

355 360 365 

gaa tea tit gtc.aca gal gtc caa get alg cgc cgt cga gtg tig gac 3217 
Glu Ser Pbe Yal llir Asp Val Gin Ala Met Arg Arg Arg Val Leo Asp 

370 375 380 

aat gtt ccg gaa gac ttg cgt gat cgt gag clg aag ctt ggt cgc ggl 3265 
Asa Val Pro Glu Asp Leu Arg Asp Arg Glu Leu Lys Leu Gly Arg Gly 
385 390 395 400 

ggt ttg agg gat gtg gag ttt get gtc eag etc ctt cag atg gtg cat 3313 
Gly Leu Arg Asp Yal Glu Pbe Ala Val Gla Leu Leu Gin Mel Val His 

405 410 415 

ggt cgc alt gal gag acg tig egg gtt egg lea acg gla aat gel ttg - 3361 
Gly Arg He Asp Glu Hir Leu Arg Val Arg Ser llir Yal Asn Ala Leu 

420 425 430 

cat gig tig gtt gat cag gga lal gtg ggt cgt gaa gac ggg eat aat 3409 
His Yal Leu Yal Asp Gin Gly Tyr Val Gly Arg Glu Asp Gly His Asd 

435 440 445 

etc all gag teg tat gag ttt ttg cgc clg ttg gag eat cgc ctt caa 3457 
Leu He Glu Ser Tyr Clu Pbe Leu Arg Leu Leu Glu His Arg Leu Gin 

450 455 460 

ttg gag egg ale aag cgc act cac ttg tta ccg aaa eel gat gac cga 3505 
Leu Glu Arg He Lys Arg Tbr His leu leu Pro Lys Pro Asp Asp Arg 
465 470 475 480 

atg aat atg cgc tgg ttg gcg cgc get let ggg ttt act ggt teg atg 3553 
Met Asn Mel Arg Trp Leu Ala Arg Ala Ser Gly Phe Tbr Gly Ser Met 

485 490 495 

gag caa agt teg gee aaa get atg gaa egg cat ttg cgt aag gtt cgt 3601 
Glu Gla Ser Ser Ala Lys Ala Met Glu Arg His Leu Arg Lys Val Arg 

500 505 510 

ttg cag alt cag teg ttg cat agt cag clg ttt tat egg cea etg ctg 3649 
Leu Gin He GIo Ser Leu His Ser Gin Leu Phe Tyr Arg Pro Leu Leu 

515 520 525 

aac let gig gtc aae ttg age gcg gal gee ale aga ttg Id ccg gat 3697 
Asn Ser Yal Yal Asn Leu Ser Ala Asp Ala He Arg Leu Ser Pro Asp 

530 535 540 

get gca aag eta caa ttg ggg gea ttg gga lac ctg cat cea tea cgt 3745 
Afa Ala Lys Leu Gin Leu Gly Ala Leu Gly Tyr Leu His Pro Scr Arg 
545 550 555 560 

get tat gaa cac ctg act gel ctt gca tea gga get age cgt aaa gee 3793 
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3985 



. Ala Tyr CIu His Leo n,r Ala leu Ala Ser Gly Ala Ser Arg tys Ala 

565 

lys lie Gin Ala Mel ku Leo Pro Ilr Leo Mel GIu Trp Leo Ser Gin 

, 585 
aca gel gaa cca gal gcg gga ttg cig aal lac cgc aag cll tcl «r ««« 
A,a Glo Pro Asp A,a Gly Leo Uo As„ Tyr Ar^ L^ lI Ser Z 

, «» 60S 

8C1 tec tat gat cgc age tee ttt tie cur ai<, - . . 

Va Val Cly Gin Arg Leo ilel Arg He Leo Gly Asn Ser Pro Tyr He 

635 

Icl gaa ctg at t ate tec act cc£ m: m aia 

650 6SS 
. scg gcg Id ggt ccl aaa tig ctt get act gca ccg act cag gt 1 g,g 408, 
Ala Ala Ser Gly Pro Lys Leo Uo Ala Thr Ala Pro IKr Gin Val Z 

660 665 670 

aaa gca ale aag gcg acg gig ,cg cgt cat gag tea ccl gat egg geg 4129 
m Ala e Lys Ala Tl.r Val Ser Arg His Glo Ser Pro Ar^ Z 
675 680 685 

lie II 1 r T ^ ^ '^^ <^'« «:a cgc alt gee 4177 

He G o Ala Ala Arg Ser Leo Arg Arg Gin Glu Leo Ala Arg lie Ala 

690 695 700 

ic gel gat t,g etc aac alg etc act gtt cag gaa gta Ige eaa age 4225 

& Ala ASP Leo Uo Asn Met Leo Br Val Gin Glu Val Cys Gl„ Se 

M 720 
IJg lea eta gte tgg gat gcg gig »g gat g^c tig gai .ce eaa ^,7, 

Leo Ser Leo Va. Trp Asp Ala Va, Leu Asp AU A^^a Leo Z 2 Z ' 

725 730 735 

ate cgt get gca ctt aac gat cca cag aaa cca gat cag eel ciz are im 
ne Arg Ala Ala Leo Asn Asp Pro Gin Lys Pro Asp G^^ Z Z 2 '''' 

745 750 
aal alt tcl gtg ate ggc alg gee eel list es,t 

» „ '6 Bst. tgi iig ggi gga gca gaa cll esa iua 

Asn lie ser Val He Gly Mel Gly Arg Leo Cly Gly Ala Glu Uo G^y 

, 765 
tK ggt tot gat gcc gal gtg alg m g,a ,gc gag ccg gta gee «t 11.7 
Tvr Gly Ser Asp Ala Asp Va, ^t Phe Val Cys £ P.! Z Z ^ 
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gig gaa gag cat gag gcc gtc aca tgg tct at I gcg ate tgt gal tec 4465 

Yal Giu GIu His Glu Ala Yal Tlir Trp Ser He Ala He Cys Asp Ser 

785 790 795 800 

alg egg teg agg ctl gcg cag cct tec ggt gat oca cc( Hg gag gtg 4513 

Met Arg Ser Arg.Leu Ala Gin Pro Ser Gly Asp Pro Pro Leu Glu Yal 

805 810 815 

gat ctg ggg ctg cgt cct gaa ggg aga tct ggt gcg att gtg cgc acc 4561 
Asp Leu Gly Lea Arg Pro Glu Gly Arg Ser Gly Ala He Yal Arg Tbr 

820 825 830 

gtt gat tec tat gtg aag tac tac gaa aag tgg ggt gaa act tgg gag 4609 
Yal Asp Ser Tyr Yal Lys Tyr Tyr Glu Lys Trp Gly Glu Thr Trp Glu 

835 840 845 

att cag gcg ctg ctg agg get gcg tgg gtt get ggt gat cgt gag ctg 4657 
He Gin Ala Leu Leu Arg Ala Ala Trp Yal Ala Gly Asp Arg Glu Leu 

850 855 860 

ggc att aag ttc ttg gag teg all gat cgt ttc cgc tac cca gtt gac 4705 
Gly He Lys Phe Leu Glu Ser He Asp Arg Phe Arg Tyr Pro Yal Asp 
865 870 875 880 

ggg gca acg cag gcg cag ctt cgt gaa gtt cgt ega att aag gcg agg 4753 
Gly Ala Thr Gin Ala Gin Leu Arg Glu Yal Arg Arg He Lys Ala Arg 

885 890 895 

gtg gat aat gag agg ctt ccg cgc ggg get gat ega aat acc cat acc 4801 
Yal Asp Asn Glu Arg Leu Pro Arg Gly Ala Asp Arg Asn Thr His Tbr 

900 905 910 

aag ctg ggt egg gga gcg tta act gac ate gag tgg act gtg cag ttg 4849 
Lys Leu Gly Arg Gly Ala Leu Thr Asp He Glu Trp Thr Yal Gin Leu 

915 920 925 

ttg acc atg atg cat get cat gag att ccg gag ctg cac aat acg teg 4897 
Leu Thr Met Met His Ala His Glu He Pro Glu Leu His Asn Thr Ser 

930 935 940 

acg ttg gaa gtt ctt gaa gtg ctg gaa aag cat cag att att aac cct 4945 
Thr Leu Glu Yal Leu Glu Yal Leu Glu Lys His Gin He lie Asn Pro 
945 950 955 960 

gtg cag gtg cag acg ctt egg gaa gcg tgg ctg acg gca acg get get 4993 
Yal Gin Yal Gin Thr Leu Arg Glu Ala Trp Leu Thr Ala Thr Ala Ala 

965 970 975 

agg aat gcg ctt gig ctg gtc agg ggt aag aga tta gat cag tta cct 5041 
Arg Asn Ala Leu Yal Leu Yal Arg Gly Lys Arg Leu Asp Gin Leu Pro 

980 985 990 

act cct ggt ccg cac ctt gcg cag gtg get ggt gcg tct ggt tgg gat 5089 
Thr Pro Gly Pro His Leu Ala Gin Yal Ala Gly Ala Ser Gly Trp Asp 
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995 1000 
cca aat jag lac cag gag ut Ug gaa aac tal cig aaa gtg acc agg 5137 
Pro Jsa 6l„ Tyr Gin Glo Tyr leu Glu As„ Tyr Lea lys Val lir Arl 

'"1'' I0I5 1020 

aag agl cgt cag.gtt git gat gaa gtc tic Igg ggt gtg gac tct alg 5185 
ys Ser Arg Gin Val Val /Up Glu Val Phe Trp Gly Val Asp Ser Met 

Z . 1040 

g^ caa cgt gag I taggtaggtg g.gggagccc caaagltgcg gaaaattgtl c 5241 

Glu Gin Arg Glu Phe 

1045 

caactaa^ actalatgta gg.giggala acctaagt.a atcttttgtg agcgtgagga 5301 

gaatctagac gcagaltaac tlccgcttgg cagcgaccgg gataacaccg 5361 

cffittgcggc cacgcaggct cacaaaggac accactalga caagcallat tgcaagcaac 5421 

^^c at cggaggagct gcgcacccac actgcgcggg cacatgaaga ggccgagcac 5431 
tcaacgltta tgaalgatc 



5500 



<210> 2 
<211> 446 
<212> PRT 

<213> Breribacteriim iactofenjeatua 
<400> 2 

Mel Asn Ser Gin Gin Glu Phe Val Leu Ser Ala He Glu Glu Arg Asp 

' 5 10 IS 

He Lys Phe Val Arg leu Trp Phe lUr Asp He Leu Gly His leu Lys 

20 25 30 

Ser Val Val Val Ala Pro Ala Glu Leu CIu Ser Ala leu Glu Glu Gly 

35 40 45 

lie Gly Phe Asp Gly Ser Ala He Glu Gly Tyr Ala Arg He Set Glu 

SO 55 60 

Ala Asp Ur He Ala Arg Pro Asp Pro Ser ITir Phe Gin Val leu Pro 

™ 75 80 

Leu Glu Ala Gly He Ser lys leu Gin Ala Ala Arg Leu Phe Cys Asp 

85 90 95 

Val Tlr Met Pro Asp Gly Gin Pro Ser Phe Ser Asp Pro Arg Gin Val 

100 ,05 „o 

Leu Arg Arg Gin Val Gin Leu Ala Ala Asp Glu Gly Leu ITir Cys Met 
115 120 ,25 

Ife Scr Pro Glu He Glu Phe Tyr leu Val Gin Ser Leu Arg Thr Asn 
»30 135 ,^ 

Gly Leu Pro Pro Val Pro Ilr Asp Asn Gly Gly Tyr Phe Asp Gin Ala 
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145 . 150 155 160 

Thr Phe Asn GIu Ala Pro Asn Phe Arg Arg Asn Ala Met Val Ala Leu 

165 170 175 

Glu GIu Leu Gly He Pro Val Glu Phe Ser His His Giu Thr Ala Pro 

180. 185 190 

Gly Gin Gin GIu lie Asp Leu Arg His Ala Asp Ala Leu Thr Mel Ala 

195 200 205 

Asp Asn He Met Thr Phe Arg Tyr He Mel Lys GId Yal Ala Arg Asp 

210 215 220 

Gin Gly Yal Gly Ala Ser Phe Met Pro Lys Pro Phe Gin Glu His Ala 
225 220 235 240 

Gly Ser Ala Met His Thr His Met Ser Lea Phe Glu Gly Asp Thr Asn 

245 250 255 

Ala Phe His Asp Pro Asp Asp Ser Tyr Mel Leu Ser Lys Thr Ala Lys 

260 265 270 

Gin Phe He Ala Gly He Leu His His Ala Pro Glu Phe Thr Ala Val 

275 280 285 

Thr Asn Gin Trp Yal Asn Ser Tyr Lys Arg He Val Tyr Gly Asn GIu 

290 295 300 

Ala Pro Thr Ala Ala Thr Trp Gly Val Ser Asn Arg Ser Ala Leu Val 
305' 310 315 320 

Arg Val Pro Thr Tyr Arg Leu Asn Lys Glu Glu Ser Arg Arg Val Glu 

325 330 335 

Val Arg Leu Pro Asp Thr Ala Cys Asn Pro Tyr Leu Ala Phe Ser Val 

340 345 350 

Met Leu Gly Ala Gly Lea Lys Gly He Lys GIu Gly Tyr Glu Leu Asp 

355 360 365 

GIu Pro Ala GIu Asp Asp He Ser Asn Leu Ser Phe Arg GIu Arg Arg 

370 375 380 

Ala Met Gly Tyr Asn Asp Leu Pro Asn Ser Leu Asp Gin Ala Leu Arg 
385 390 395 400 

Gin Met Glu Lys Ser Glu Leu Val Ala Asp He Leu Gly Glu His Val 

405 410 415 

Phe GIu Phe Phe Leu Arg Asn Lys Trp Arg Glu Trp Arg Asp Tyr Gin 

420 425 430 

Glu Gin He Thr Pro Trp Gla Leu Arg Asn Asn Leu Asp Tyr 
435 440 445 



<Z'iO> 3 
<2ll> 1045 
<212> PRT 
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<213> Brevibacleriim lactofenieDtuD 
<400> 3 

Mel Ser Gly Pro leu Arg Ser Glu Ar« lys Val Val Gly Phe Val Arg 

^5 10 j5 

Asp Pro Leu Pro lys Val Gly Ser Uu Ser Leu Lys Ser Glo His Ala 

2» 25 30 

Gin Ala Asp leu Glu His Leu Gly Trp Arg Asn Val Glu Ser Uo Asp 

35 40 ^5 

leu leu rrp Gly Leu Ser Gly Ala Gly Asp Pro Asp Val Ala Leu Asn 

™ 55 60 

Leu Leu He Arg Leu Tyr Gin Ala Leu Glu Ala He Gly CIu Asp Ala 

•"^ 7" 75 80 

Arg Asn Glu Leu Asp Gin Glu He Arg CIn Asp Gin Glu Leu Arg Val 

85 90 gj 

Arg Leo Phe Ala Leu leu Gly Gly Ser Ser Ala Val Gly Asp His Leu 

•00 105 no 

Val Ala Asn Pro Leu Gin Trp Lys Leu leu Lys leu Asp Ala Pro Ser 

H5 120 
Arg Glu Glu Met Phe Gin Ala Leu Leu Glu Ser Val Lys Ala Gin Pro 

130 135 ,40 

Ala Val leu Glu Val Glu Asp Phe Ser Asp Ala His Asn He Ala Arg 
f 150 ,55 160 

Asp Asp Leu Ser Thr Pro Gly Phe TVr TTir Ala Ser Val Ihr Gly Pro 

165 170 
Glu Ala Glu Arg Val Leu Lys Trp Thr Tyr Arg TTir Leu Leu Thr Arg 

180 185 
He Ala Ala His Asp Leu Ala Gly Thr Tyr Pro Thr Asp Met Arg Arg 

195 200 205 

lys Gly Gly Asp Pro Val Pro Phe Ser Thr Yal TTir Met Gin Leu Ser 

210 215 220 

Asp leu Ala Asp Ala Ala Leu Tlr Ala Ala leu Ala Val Ala He Ala 
«5 230 235 240 

Asn Val Tyr Gly CIu Lys Pro Val Asp Ser Ala Leu Ser Val He Ala 

245 250 255 

Met Gly Lys Cys Gly Ala Gin Glu Leu Asn Tyr He Ser Asp Val Asp 

260 265 270 

Yal Val Phe Val Ala Glu Pro Ala Asn Scr Lys Ser Thr Arg Thr Ala 

' 275 280 285 

Ala Glu Leu He Arg He Gly Ser Asn Ser Phe Phe Glu Val Asp Ala 

295 300 
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Ala Leu Arg Pro Glu Gly Lys Ser Gty Ala Leo Yal Arg Ser Leu Asp 
305 310 315 320 

Ser His Met Ala Tyr Tyr Lys Arg Trp Ala Glu Tbr Trp Glu Phe Gin 

325 330 335 

Ala Leu Leu Lys.Aia Arg Pro Met Thr Gly Asp lie Asp Leu Gly Gin 

340 345 350 

Ser Tyr Val Asp Ala Leu Ser Pro Leu He Trp Ala Ala Ser Gin Arg 

355 360 365 

Glu Ser Phe Val Thr Asp Yal Gin Ala Uet Arg Arg Arg Yal Leu Asp 

370 375 380 

Asn Val Pro GIo Asp Leu Arg Asp Arg Glu Leu Lys Leu Gly Arg Gly 
385 390 395 400 

Gly Leu Arg Asp Val Glu Phe Ala Yal Gin Leu Leu Gin Met Yal His 

405 410 415 

Gly Arg He Asp Glu Thr Leu Arg Yal Arg Ser Ihr Val Asn Ala Leu 

420 425 430 

His Yal Leu Yal Asp Gin Gly Tyr Yal Gly Arg Glu Asp Gly His Asn 

435 440 445 

Leu He Glu Ser Tyr Glu Phe Leu Arg Leu Leu Glu His Arg Leu Gin 

450 455 460 

Leu Glu Arg He Lys Arg Thr His Leu Leu Pro Lys Pro Asp Asp Arg 
465 470 475 480 

Met Asn Met Arg Trp Leu Ala Arg Ala Ser Gly Phe Thr Gly Ser Met 

485 490 495 

Glu Gin Ser Ser Ala Lys Ala Met Glu Arg His Leu Arg Lys Yal Arg 

500 505 510 

Leu Gin He Gin Ser Leu His Ser Gin Leu Phe Tyr Arg Pro Leu Leu 

515 520 525 

Asn Ser Yal Val Asn Leu Ser Ala Asp Ala He Arg Leu Ser Pro Asp 

530 535 540 

Ala Ala Lys Leu Gin Leu Gly Ala Leu Gly Tyr Leu His Pro Ser Arg 
545 550 555 560 

Ala Tyr Glu His Leu Ihr Ala Leu Ala Ser Gly Ala Ser Arg Lys Ala 

565 570 575 

Lys He Gin Ala Met Leu Leu Pro Thr Leu Met Glu Trp Leu Ser Gin 

580 585 590 

Thr Ala Glu Pro Asp Ala Gly Leu Leu Asn Tyr Arg Lys Leu Ser Asp 

595 600 60S 

Mi Ser Tyr Asp Arg Ser Trp Phe Leu Arg Met Leu Arg Asp Glu Gly 

610 615 620 

Yal Yal Gly Gin Arg Leu Met Arg He Leu Gly Asn Ser Pro Tyr He 
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Ser Glu Leu He He Ser Tlr Pro Asp Phe Va7 Lys Gin 



645 



650 



635 

Leu Gfy Asp 
655 



Ala Ala Ser Gly Pro lys Leu Lea Ala ITr Ala Pro Ttr Cln Yal Val 
^ 665 
Ala lie Lys Ala m Val Ser Arg His Glu Ser Pro Asp Arg Ala 
6'5 680 
lie Cln Ala Ala Arg Ser leu Arg Arg Gin Glu Leu 



690 



695 



6SS 

Ala Arg He Ala 



700 



Ser Ala Asp Leu Leu Asn Mel Leu Tl,r Yal Gin Glu Val Cys Cln Ser 

. - 715 



Leu Ser Leu Val Trp Asp Ala Val leu Asp Ala Ala leu Asp Ala Glu 

He Arg Ala Ala Leu Asn Asp Pro Gin Lys Pro Asp Cln Pro leu Ala 

745 



Asn lie Ser Val He Gly Met Gly Arg Leo Cly Gly Ala 



755 



760 



750 
Glu Leu Gly 



765 



Tyr Gly Ser Asp Ala Asp Val Met Phe Val Cys Glu Pro Val Ala Gly 

775 

VaJ G,u Gin His Glu Ala Val m Trp Ser He Ala He Cys Asp Ser 

790 

Met Arg Ser Arg Leo Ala Gin Pro Ser Gly Asp Pro Pro Leu Glu M 

80S 810 

Val Arg Thr 

oZ5 

Val Asp Ser Tyr Val Lys Tyr Tyr Glu Lys Trp Gly Glu Tlr Trp Glu 



Asp Leu Gly Leu Arg Pro Glu Gly Arg Ser Gly Ala He 



820 



835 



840 



845 



He Gin Ala leu len Arg Ala Ala Trp Val Ala Cly Asp 
850 855 



Arg Glu Leu 



Gly He lys Phe Leu Glu Ser He Asp Arg Phe Arg Tyr 
805 870 

Gly Ala Thr Gin Ala Gin Leu Arg Glu Val Arg Arg He Lys Ala Arg 



Fro Val Asp 
880 



88S 



890 



895 



val ASP Asn Glu Arg leu Pro Arg Cly Ala Asp Arg Asn n,r His Tl,r 

900 one 

Lys Leu Gly Arg CI, Ala Leu ITr Asp He Glu Trp l„r Val Gin Leu 

920 

Leu n,r Mel Mel His Ala His Glu He Pro Glu leu His 
" 935 



Asn Thr Ser 



Ijr leu Glu Val Leu Glu Val Leu Glu Lys His Gin He He Asn Pro 

955 ggQ 
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Yai Gin Yal Gin Tbr Leu Arg Glu Ala Trp Leu Ibr A!a Tbr Ala Ala 

965 970 975 

Arg Asn Ala Leu Yai Leu Yal Arg Gly Lys Arg Leu Asp GId Leu Pro 

980 985 990 

Thr Pro Gly Pro.His Leu Ala Gin Yal Ala Gly Ala Ser Gly Trp Asp 

995 1000 1005 

Pro Asn Glu Tyr Gin Glu Tyr Leu Clu Asn Tyr Leu Lys Yal Thr Arg 

iOlO 1015 1020 

Lys Ser Arg Gin Yai Yal Asp Glu Yal Phe Trp Gly Yal Asp Ser Met 
1025 1030 1035 104O 

Glu Gin Arg Glu Phe 

1045 

<Z10> 4 
<211> 29 
<212> DNA 

<2i3> Artificlal/tJnknovn 
<220> 

<221> iiisc_feature 
<222> 0..0 

<223> Description of Artificial Sequence: primer 
<400> 4 

ggggtcgacg gatcgacagg taalgcatt 

<2I0> 5 

<21l> 29 

<212> IWA 

<213> Artificial/tlnknovn 
<220> 

<221> Discjealure 

<222> 0..0 

<223> Description of Artificial Sequence: priioer 

<400> 5 

ggggtcgacg gatccaccat galggagga 

<210> 6 
<2II> 22 
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<2i2> m 

<213> Artificial/tlnknoMi 
<220> 

<221> iiijsc_feature 
<222> 0..0 

<223> Description of Artificial Sequence: priner 
<400> S 

ctlcccagta gcaccatacg ac 

<210> 7 
<2I1> 26 
<2l2> m 

<213> Artificiai/UnknoTO 
<220> 

<22I> iDisc_feature 
<222> 0..0 

<223> Description of Artificial Sequence: priaer 
<400> 7 

cigglggcag ticgaagagg tccttg 

<2I0> 8 
<211> 26 
<212> m 

<2I3> Artlficial/UnkDOWD 
<220> 

<22l> misc_feature 
<222> 0..0 

<223> Description of Artificial Sequence: priiner 
<400> 8 

Sgacaaggac ctcltcgaac tgccag 

<2I0> 9 
<2fl> 26 
<2I2> WW 

<2I3> Artificiai/UnknoTO 
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<220> 

<221> aisc_fealure 
C22Z> 0..0 

<223> Description of Artificial Sequeoce: primer 
<400> 9 

cggcgagacc gtcgattggg aggagc 

<210> 10 

<21i> 22 

<212> DMA 

<213> Arlificial/Unioiown 
<220> 

<221> Bisc_fealore 

<222> O-.O 

<223> Description of Artificial Sequence: primer 

<400> 10 

gtagcacctt acgaccaaac eg 

<2I0> 11 

<2ll> 20 

<212> m 

<213> Artificial/Unkaown 
<220> 

<221> nisc.featore 

<222> O.-O 

<223> Description of Artificial Sequence: primer 

<400> It 

ggagccggtc gacgaggagc 

<2I0> 12 

<2ll> 25 

<2I2> DNA 

<213> Artificial/Unknown 
<220> 
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(220 iDisc.fealure 
<222> 0..0 

<223> Description of Artificial Sequence: primer 
<400> 12 

gctagcctcg ggagclctct aggag 

<2I0> 13 
<211> 25 
<2I2> IMA 

<2I3> Artificial/Uhknown 

<220> 

<221> oiscjeatare 
<222> 0..0 

<223> Description of Artificial Sequence: prioer 
<400> 13 

gatclttccc agactclggc cacgc 

<210> 14 
<2n> 17 
<212> DNA 

<213> Arlificial/Unluioira 
<220> 

<22l> iDisc_feature 
<222> 0..0 

<223> Description of Artificial Sequence: priner 

<400> 14 
cagttgtggc igatccg 

<210> IS 

<211> 18 

<:212> DNA 

<2I3> Artificial/UnJoiomi 
<220> 

<221> misc_feature 

<222> 0..0 
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<223> Description of Artificial Sequence: primer 
<400> IS 

ctttcccaga ctctggcc 

<210> 16 

<2ll> 22 

<2I2> DNA 

<213> Artificial/Viiknown 
<220> 

<221> iDisc_feature 

<222> O.-O 

<223> Description of Artificial Sequence: primer 

<400> 16 

cgctgctala attgaacgtg ag 

<210> 17 

<21l> 44 

<:212> DNA 

<213> Artificial/Dnknown 
<220> 

<22l> iiiisc_feature 

<222> O-.O 

023> Description of Artificial Sequence: primer 

<400> 17 

ctttgttgcc atatctgtgc gacgclgcta taattgaacg tgag 

<210> 18 

<211> 21 

<:212> DNA 

<213> Artificial/Unknown 
<220> 

<221> misc_feature 

<22Z> 0..0 

<223> Description of Artificial Sequence: primer 
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<400> IS 

ccaccacgaa glcggtggcg g 

<210> 19 
<2h> 21 
<212> m 

<213> Arlificial/Uhknoira 
<220> 

<221> oisc_featufe 
<222> O.-O 

<223> Description of Artificial Sequence: priiier 
<400> 19 

tlggagcctc gaagcctgga a 

<210> 20 
<2n> 29 
<2I2> m 

<2I3> BrevibacteriuB flavon 
<400> 20 

tggtcatalc Igtgcpcgc Igccataal 

<210> 21 
<211> 29 

<212> ENA 

<213> Artificial/Unknmra 

<220> 

<22l> aisc_fealnre 
<222> 0..0 

<223> Description of Artificial Sequence: sequence of 
pronoler 

<400> 21 

Igglcatatc Igtgcgacgc Igclataat 



<2I0> 22 
<2I1> 29 
<212> CNA 
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<213> Artificial/Unknown 
<220> 

<Z2I> misc^feature 
<Z22> 0..0 . 

<223> Description of Artificial Sequence: sequence of 
proiQoter 

<400> 22 

ttgccatatc tgtgcgacgc tgctataat 

<210> 23 

<2n> 23 

<212> DNA 

<213> Artificial/Unknown 
<220> 

<22i> aiscjeature 

<222> 0..0 

<223> Description of Artificial Sequence: primer 

<400> 23 

agacctacga gtccgccUt tig 

<2I0> 24 

<21l> 21 

<2I2> DNA 

<213> Artificial/Unknovn 
<220> 

<221> miscjealure 

<222> 0..0 

<223> Description of Artificial Sequence: primer 

<400> 24 

cgatcaccag caacccacgc a 
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Claims 



accumulate L glutamme in the medium and collecting the L-glutamine. 

10. A DNA coding for a protein defined In the following (A) or (B): 

(A) a protein that has the amino acid sequence of SEQ ID NO 2 

(B) a protein that has the amino acid seauence of SFo in mo o • . ^. 
add.on or i.e.ion of one or sever. ^^^^^^ 

11. The DNA according to Claim 10. which is a DNA defined in the following (a) or (b): 

conditions and codes for a hl^glili^C^aSrJr " ^"^"^ 

12. A DNA coding for a protein defined in the following (C) or (D): 

(C) a protein that has the amino acid sequence of SEQ ID NO- 3 

(U) a protein that has the amino acid seauence of tPn ir» Mr., o i - ^. 

addition or inversion of one or seve«rJnl!o ^wlSJ "^""'"^ substitution, deletion. Insertion, 

activities. "° '^^'""^^ *^ 9l«itamine synthetase adenylyl transferase 

13. The DNA according to Claim 12. which is a DNA defined in the following (c) or (d): 
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(c) a ONA containing the nucleotide sequence of nucleotide numbers 2006-5200 in the nucleotide sequence 
of SEQ ID NO: 1, 

(d) a DNA that is hybridizable with the nucleotide sequence of the nucleotide nunnbers 2006-5200 in the nu- 
cleotide sequence of SEQ ID NO: 1 or a probe that can be prepared fronn the sequence under the stringent 
conditions and codes for a protein having glutamlne synthetase adenylyl transferase acth/lties. 
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